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CHAPTER 1 
GENERAL INFORMATION 



1.1 INTRODUCTION 

This manual provides a complete description of the RK05 
Exerciser, including physical, functional, logic level, and 
flow diagram descriptions, specifications, and operation and 
maintenance procedures. 

1.2 GENERAL DESCRIPTION 

The RK05 Exerciser is a portable unit used to exercise the 
RK05 Disk Drive off-line. The unit generates all the control 
signals necessary to exercise the disk drive linear positioner 
circuitry and write circuitry; the processor and drive 
controller are not needed. 

The exerciser can be used to isolate most hard disk drive 
faults and to verify proper operation once the fault has 
been corrected. 

NOTE 

If reliability problems are encountered, the disk 
drive should be checked out on-line, using 
MAINDEC diagnostics. 

The exerciser is completely contained in an aluminum 
chassis and is powered by the RK05 Disk Drive power 
supply. A special 4-wire power cable serves to route the 
power supply outputs (+15 V, -15 V, +5 V) to the 
exerciser without interrupting power to the disk drive. 

1.3 PHYSICAL DESCRIPTION 

The exerciser (Figure 1-1) consists of five subassemblies and 
two cable assemblies: exerciser chassis, front panel, bus 
terminator module, test positioner module, test writer 
module, bus cable assembly, and power cable. 

1 .3 . 1 Exerciser Chassis 

The 9605720 chassis is a 6-1/10 in. high by 11-9/10 in. 
wide by 3-6/10 in. deep metal box with a hinged front 
panel. 



1 .3.2 Bus Terminator Module 

The M930 Bus Terminator module (Figure 1-2) is a dual 
height module that is mounted in slot 2 of the connector 
block and contains all the circuitry necessary to terminate 
the Unibus. 



1.3.3 Positioner Exerciser Module 

The G503 Positioner Exerciser Module (Figure 1-1) is a 
dual height module that is mounted in slot 3 of the 
connector block. This module contains all the logic 
necessary to exercise the disk drive linear positioner 
circuitry. In response to front panel switch setting and disk 
drive control signal inputs, the module generates control 
signal and cylinder address outputs to the disk drive linear 
positioner circuitry. The module also monitors the disk 
drive fault lines and illuminates the front panel fault 
indicators when a fault is detected. Refer to engineering 
drawing D-CS-G503-0-1 for a complete physical layout and 
parts identification. 

1 .3.4 Writer Exerciser Module 

The G502 Writer Exerciser Module (Figure 1-1) is a dual 
height module that is mounted in slot 4 of the connector 
block. This module contains all the logic necessary to 
exercise the disk drive write circuitry. In response to front 
panel switch settings and disk drive control signal inputs, 
the module generates control signals, clock, and data 
outputs to the disk drive write circuitry. Refer to engi- 
neering drawing D-CS-G502-0-1 for a complete physical 
layout and parts identification. 

1.3.5 Front Panel 

The 9605719 front panel (Figure 1-1) contains a 4-pin 
female Mate-N-Lok input power connector and controls 
and indicators necessary to exercise the disk drive. Refer to 
engineering drawing D-UA-RK05-TA-0 for wiring data, 
parts identification, and a complete physical layout. 
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Figure 1-1 RK05 Exerciser Components 
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Figure 1 -2 Bus Terminator Module 
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Figure 1 -3 Unibus Cable Assembly 
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1.3.6 Unibus Cable Assembly 

The BC11A Unibus Cable Assembly (Figure 1-3) consists of 
a 120-conductor ribbon cable with a bus connector 
attached to each end. One bus connector is mounted in slot 
1 of the exerciser connector block and the other connector 
is mounted in slot 8 of the disk drive electronic module. 
The Unibus cable is the only signal interface between the 
exerciser and disk drive. Refer to engineering drawing 
D-UA-BC1 1A-0-0 for physical specifications. 

1.3.7 Power Cable 

The 9606036 power cable (Figure 1-4) consists of a 6-ft 
4-wire cable harness, a 4-pin male Mate-N-Lok connector 
(PI), a 9-pin male Mate-N-Lok connector (P2), and a 9-pin 
female Mate-N-Lok connector (Jl). The 4-pin Mate-N-Lok 
connects to connector Jl located on the exerciser front 
panel. The two 9-pin Mate-N-Loks connect between the 
disk drive power supply and the disk drive power harness. 
The power cable routes dc power from the disk drive to the 
exerciser. Refer to engineering drawing D-IA-9606036-0-0 
for complete physical specifications and wiring data. 



1.4 SPECIFICATIONS 

1 .4. 1 Environmental 

Ambient Temperature 

50° to 1 10° F (67° to 73° F nominal) 

Relative Humidity 

8 to 80% (no condensation) 



1.4.2 Power Requirements 

Input Voltage (dc) 
+15±0.75Vdc 
-15 ±0.75 Vdc 
+5 ±0.1 5 Vdc 



Power taken for disk 
drive power supply. 



1.4.3 Packaging 
Height: 6-1/10 in. 
Width: 11-9/10 in. 
Depth: 3-6/10 in. 
Weight: Less than 10 lb 



1-3 




PI, 4 PIN 
MATE-N-LOK 
CONNECTOR 
(CONNECT TO Jl 
ON EXERCISER 
FRONT PANEL) 



Jl. 9 SOCKET 
MATE-N-LOK 
CONNECTOR 
(CONNECT TO P1 
ON DISK DRIVE 
POWER HARNESS) 



Figure 1 -4 Power Cable 
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CHAPTER 2 

UNPACKING, SET-UP 

AND ACCEPTANCE TESTING 



2.1 UNPACKING PROCEDURE 

To unpack the RK05 Exerciser, proceed as follows: 

1. Unpack the unit from the shipping container 
and inspect for damage. Damage claims should 
be directed to the responsible shippers. 

2. Check that the Unibus and power cables are 
included with the exerciser. 

2.2 SET-UP PROCEDURE 

NOTE 
The RK05 Exerciser may be connected to one 
disk drive or as many as four disk drives 
simultaneously; however, the exerciser can only 
exercise one drive at a time. 

1. To connect the RK05 Exerciser to one RK05 
Disk Drive, the Unibus cable is installed as 
follows (Figure 2-1): 

a. Unplug the disk drive ac power cord. 

b. Open the exerciser chassis and mount 
either end of the Unibus cable assembly 
(BC11A) into slot 1 of the connector 
block. 

c. Remove the disk drive prefilter and 
ensure that the bus terminator module is 
mounted in slot 7 of the disk drive 
electronic module. 

d. Mount the other end of the Unibus cable 
assembly into slot 8 of the disk drive 
electronic module. 



To connect the RK05 Exerciser to four RK05 
Disk Drives, the Unibus cable is installed as 
follows (Figure 2-2): 

a. Remove all power from the RK05 Disk 
Drives. 

b. Disconnect the controller end of the 
Unibus cable, which connects the RK05 
Disk Drive to the controller module. 

c. Open the exerciser chassis and mount the 
disconnected Unibus cable into slot 1 of 
the connector block. 

To install the RK05 Exerciser power cable, 
proceed as follows (Figure 2-1): 

a. Remove the RK05 Disk Drive top cover. 

b. Disconnect the PI Mate-N-Lok connector 
on the disk drive power supply. 

c. Connect the 9-pin female connector (Jl) 
of the exerciser power cable to PI . 

d. Connect the 9-pin male connector (P2) of 
the exerciser power cable to Mate-N-Lok 
connector Jl on the disk drive power 
supply. 

e. Connect the 4-pin male connector (PI) of 
the exerciser power cable to the 4-pin 
female connector (Jl) located on the 
exerciser front panel. 

(continued on page 2-3) 
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Figure 2-1 Exerciser to RK05 Disk Drive Connection Diagram 
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Figure 2-2 RK05 Exerciser to Multiple RK05 Disk Drives 
Connection Diagram 

f. Set the exerciser front panel Write 
Constant toggle switch to the down 
position. 



CAUTION 

The disk drive write circuitry must 
not be exercised while an alignment 
disk cartridge is installed in the disk 
drive as serious damage to the 
alignment tracks may result. The 
alignment disk cartridge is 
identified by a red access door 
and/or a red label. 



j. Set the exerciser front panel Drive 
Selector knob to the ID (disk drive 
identification number) of the disk drive 
to be exercised. 

2.3 ACCEPTANCE TEST PROCEDURE 

The exerciser is shipped ready-to-use. If the unit is not 
operating properly, refer to Chapter 5 (Maintenance) and 
diagnose and correct the problem. Service should be 
performed by qualified service personnel only. 

To test the exerciser, obtain an RK05 Disk Drive that is 
known to be operating properly, and set the exerciser up 
for testing in accordance with the set-up procedure 
described in Paragraph 2.2. After completing the set-up 
procedure, perform the following test procedures. 

NOTE 

If faulty operation is detected at any point in 
the following procedure, refer to Chapter 5 and 
correct the fault before proceeding to the next 
step in the procedure. 

2.3.1 Writer Exerciser Module Test Procedure 

1 . Set the Write Sector knob to "ALL." 

2. Set the Head Select-UPPER/LOWER toggle 
switch to UPPER. 

3. Depress the WRITE pushbutton repeatedly; 
observe the disk drive front panel WT indicator 
illuminates momentarily each time the WRITE 
pushbutton is depressed. 



Apply power to the disk drive(s); observe 
the disk drive blower motor comes on 
immediately. After a short delay, the 
door lock solenoid energizes and the 
exerciser front panel POWER ON indi- 
cator illuminates. 

Set the disk drive RUN/LOAD switch to 
LOAD and insert the DECpack. 

Set the RUN/LOAD switch to RUN; 
observe the DECpack rotates. 



4. Set the Constant Write toggle switch to ON; 
observe the disk drive front panel WT indicator 
illuminates and does not extinguish until the 
Constant Write toggle switch is set to the down 
position. 

NOTE 

An oscilloscope (Tektronix 453 or equiv- 
alent) is required to perform the follow- 
ing steps. 

5. Connect channel 1 scope probe to pin B08M2 
on the RK05 Disk Drive logic block. 
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6. Toggle the exerciser Head Select toggle switch 
up and down; observe a HIGH level signal 
(+3 V) when the toggle switch is set to LOWER 
and a LOW level signal when the toggle switch 
is set to UPPER. 

7. Set the oscilloscope controls as follows: 



Vertical 




Mode 


= ADD 


Sensitivity 


= 1 V/div 


Coupling 


= dc 


Sweep 




A sweep time 


= 5 ms/div 


Trigger 


= Normal 



8. Connect the channel 1 probe to B08L2 
(WRITE GATE L) on the RK05 Disk Drive 
logic block. 

9. Connect the channel 2 probe to A02R2 
(INDEX PULSE) on the RK05 Disk Drive logic 
block. 

10. Set exerciser Constant Write toggle switch to 
ON. 

11. Set the Write Sector knob to 0; observe the 
display shown in Figure 2-3 . 



12. Set Write Sector knob to positions 1 through 9; 
observe the index pulse moves in discrete steps. 

NOTE 

The index pulse is not visible on the 
photograph shown in Figure 2-3 due to 
photographic resolution limitations. 

13. Set the oscilloscope controls as follows: 



Vertical 
Mode 
Sensitivity 
Coupling 



= Chi 
= 1 V/div 
= dc 



• Sweep 

A sweep time = 0.2 jus/div 
Trigger = Normal 

14. Set all exerciser Data Bit toggle switches to the 
position. 

15. Connect channel 1 scope probe to A08F2 on 
RK05 Disk Drive logic block and uncalibrate 
the scope horizontal sweep to display four 
negative-going pulses as shown in Figure 2-4a. 

16. Set all four Data Bit toggle switches to the 1 
position; observe eight negative-going pulses as 
shown in Figure 2-4b. 
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Figure 2-3 Write Gate Data Waveform 



2-4 




a. Clock Waveform 




b. Clock and Data Waveform 



Figure 2-4 Writer Exerciser Clock and Data Waveforms 
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17. Toggle each of the Data Bit toggle switches; 
observe that each switch controls one of the 
negative -going pulses. 

18. Set the oscilloscope controls as follows: 

• Vertical 

Mode = CH 1 

Sensitivity = 0.5 V/div 
Coupling = dc 

• Sweep 

A sweep time = 0.5 /us/div 
trigger = normal 

19. Connect scope probe to TP3 on card G180 
(AB01 in RK05 Disk Drive). 

20. Set exerciser RUN switch to the down position. 

21. Set exerciser Constant Write and DC Erase 
toggle switches to the down positions. 

22. Set exerciser Write Sector knob to ALL. 

23. Set exerciser Head Select toggle switch to 
UPPER. 

24. Depress exerciser WRITE pushbutton; observe 
data appears on display as shown in Figure 
2-5a. 

25. Set exerciser Head Select toggle switch to 
LOWER and depress the WRITE pushbutton; 
observe data appears as shown in Figure 2-5a. 

26. Set the exerciser Head Select toggle switch to 
UPPER. 

27. Set the exerciser DC Erase toggle switch to ON 
and depress the WRITE pushbutton; observe 
data is erased completely as shown on Figure 
2-5b. 

28. Set the exerciser Head Select toggle switch to 
LOWER; observe data is still present as shown 
on Figure 2-5a. 

29. Depress the exerciser WRITE pushbutton; 
observe data is erased completely as shown on 
Figure 2-5b. 

30. Repeat steps 23 through 29 for sectors 0—9. 



2.3.2 Positioner Exerciser Module Test Procedure 

1 . Set the Function knob to STEP. 

2. Set the FWD/REV switch to FWD. 

3. Set the RTZ toggle switch to the down 
position. 

4. Set the RUN switch to the up position; observe 
the linear positioner moves to ever increasing 
(inward) cylinder addresses. 

5. Set the FWD/REV toggle switch to REV; 
observe the linear positioner moves to ever 
decreasing (outward) cylinder addresses. 

6. Set all Cylinder Address toggle switches to 0. 

7. Set the Function knob to ALT; observe the 
linear positioner moves back and forth between 
cylinder address and ever decreasing cylinder 
addresses. 

8. Set the FWD/REV switch to FWD; observe the 
linear positioner moves back and forth between 
cylinder address and ever increasing cylinder 
address. 

9. Set the RUN toggle switch to the down 
position. 

10. Set the Function knob to OSC. 

11. Set the following Cylinder Address toggle 
switches to the 1 position: 128, 64, 8, and 2 
(cylinder address 202). 

12. Momentarily set the RUN toggle switch to the 
up position; observe the linear positioner moves 
to cylinder address 202. 

NOTE 
Refer to Figure 2-6 for instructions on 
reading the vernier. 

13. Set Cylinder Address toggle switch 1, 4, 16, or 
32 to the 1 position. 

14. Set the RUN toggle switch to the up position; 
observe the exerciser ADDR INV (address 
invalid) indicator illuminates. 
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a. Write Data Waveform 




b. Erase Data Waveform 



Figure 2-5 Write Data Waveforms 
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15. Set the RUN toggle switch to the down 
position and set all Cylinder Address toggle 
switches to 0. 



16. Set Cylinder Address toggle switch 128 to 1 
and momentarily set the RUN toggle switch to 
the up position; observe the linear positioner 
moves to cylinder address 128. 



17. Repeat steps 15 and 16 using each of the 
remaining Cylinder Address toggle switches. 



18. Set the RUN toggle switch to the up position 
and set the Function knob to RAND; observe 
the linear positioner moves to random cylinder 
addresses. 

19. Put the RK05 Disk Drive servo amp switch 
(located to the left of the positioner assembly) 
to the down position; observe the exerciser 
SEEK INC (Seek Incomplete) indicator illumi- 
nates. Return the servo amp switch to the up 
position. 

20. Set the RTZ toggle switch to the up position; 
observe the linear positioner moves to cylinder 
address and stops. 
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TO READ A VERNIER, proceed 
As follows: 

a. Determine the whole number value of the nearest regular scale marking to the right of Vernier scale triangle (*). 

b. Add that value to the value of the vernier scale marking that aligns perfectly with a regular scale marking. 

c. In the illustration shown above the vernier reading is: Regular Scale Marking = 200 

Vernier Marking = 2_ 

Vernier Reading = 202 
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Figure 2-6 How to Read a Vernier 



CHAPTER 3 
OPERATION 



3.1 SCOPE 

This chapter covers complete operation of the exerciser and 
includes a description of front panel controls and indicators 
and modes of operation and a utilization procedure. 



3.2 CONTROLS AND INDICATORS 

The RK05 Exerciser front panel (Figure 3-1) controls and 
indicators can be functionally separated into two cate- 
gories: writer exerciser controls and positioner exerciser 



controls and indicators. The writer exerciser controls 
directly control the writer exerciser logic and enable 
manual selection of the upper or lower disk drive read/write 
head. The positioner exerciser controls and indicators 
directly control the positioner exerciser logic and monitor 
disk drive fault lines and +15 V input power. The front 
panel drive selector knob selects the ID of the disk drive to 
be exercised. Figure 3-1 shows the exerciser front panel, 
and Table 3-1 provides a complete description of each 
control and indicator. 



11 12 13 14 16 15 

\\ \ \ \ I 



/III II 




Figure 3-1 RK05 Exerciser Front Panel Controls and Indicators 
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Table 3-1 
Exerciser Controls and Indicators 



Item 


Description 


Function 


1 


POWER ON indicator 


Illuminates when +15 V input power is present. 


2 


Constant Write-ON toggle switch 


Enables the writer exerciser logic to perform 
repeated write operations on the selected sector. 


3 


DC Erase-ON toggle switch 


Places a constant HIGH on the writer exerciser 
logic clock and data output line, thus erasing the 
selected sector. 


4 


4-Pin Connector 


Input power connector, connects to RK05 Disk 
Driver power supply via the power cable. 


5 


Data Bits toggle switches 


Enable manual selection of data bits output to the 
disk drive by the writer exerciser logic. 


6 


Head Select-UPPER/LOWER 
toggle switch 


Selects read/write head at the selected RK05 Disk 
Drive. 


7 


WRITE pushbutton 


Enables the writer exerciser logic to perform a 
single write operation on sectors 0—9 or all 
sectors. 


8 


Write Sector Knob 


Selects sectors 0—9 or all sectors for writing by the 
writer exerciser logic. 


9 


Drive Sector Knob 


Selects ID of disk drive to be exercised (switch 
output goes directly to disk drive). 


10 


Function Knob 


Selects one of four position exerciser modes of 
operation: 

a. Step 

b. Alternate 

c. Oscillate 

d. Random 

(See Paragraph 3.3 for a complete description of 
modes of operation.) 


11 


RUN toggle switch 


Enables the positioner exerciser to perform a 
position operation each time the disk drive enters 
the ready state, i.e., R/W/S READY L asserts. 
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Table 3-1 (Cont) 
Exerciser Controls and Indicators 



Item 


Description 


Function 


12 


RTZ toggle switch 


Clears the address counter to a count of 0, 
extinguishes the ADDR INV indicator if 
illuminated and asserts the RESTORE L output to 
disk drive. RESTORE L initiates a restore 
operation in the disk drive. 


13 


FWD/REV toggle switch 


Enables the address counter to count up (FWD) or 
count down (REV). 


14 


ADDR INV indicator 


Illuminates when the BUS ADDRESS INVALID L 
input line asserts. The disk drive asserts the BUS 
ADDRESS INVALID L line when the cylinder 
address is considered to be greater than 202. 


15 


SEEK INC indicator 


Illuminates when the BUS SEEK INCOMPLETE 
input line asserts. The disk drive asserts BUS SEEK 
INCOMPLETE when the seek operation is not 
completed. 


16 


Cylinder Address - 1,2,4,8, 16, 


Enables manual selection of cylinder address for 




32, 64, 128 toggle switches 


use in the alternate and oscillate modes. 



3.3 MODES OF OPERATION 

The positioner exerciser logic operates in four different 
modes selectable via the Function knob. 



3.3.1 Step Mode 

In the step mode of operation consecutive cylinder 
addresses are provided to the disk drive. An address counter 
internal to the positioner exerciser logic is the source of the 
consecutive addresses. If the FWD/REV switch is set to 
FWD, the address counter starts at whatever count it 
contained when the step mode was selected and increments 
by one after each cylinder seek operation is completed. 
When cylinder address 202 is reached, the address counter 
is cleared to a count of and continues to increment by 1 . 
If the FWD/REV switch is set to REV, the address counter 
decrements by 1 after each cylinder seek operation; when a 
count of minus 1 is reached, the address counter is loaded 
to a count of 202 and the process continues. 

Thus, in the step mode the positioner exerciser will 
generate all 203 cylinder addresses (0—202) consecutively 
and gate them out to the disk drive. 



3.3.2 Alternate Mode 

In the alternate mode of operation, the positioner exerciser 
alternately selects the front panel Cylinder Address 
switches and internal address counter as the source of the 
cylinder address. The Cylinder Address switches are con- 
trolled manually by the operator and are normally set to 
address 0. However, these switches may be set to any 
address at the operator's discretion. If the FWD/REV 
switch is set to FWD, the internal address counter will 
increment by 1 each time the address counter is selected as 
the source of the cylinder address, i.e., on alternate cylinder 
seek operations. When the counter reaches a count of 202, 
it is cleared to and the process continues. 

3.3.3 Oscillate Mode 

The oscillate mode is similar to the alternate mode in that 
the positioner exerciser logic alternately selects the cylinder 
address switches and the internal address counter as the 
source of the cylinder address. In the oscillate mode, 
however, the internal address counter is held to a count of 
0. Hence the cylinder seek operations oscillate back and 
forth between the contents of the manually controlled 
cylinder address switches and 0. 
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3.3.4 Random Mode 

In the random mode, pseudo random cylinder addresses 
provided by the internal address counter are gated out to 
the disk drive. An internal clock referred to as the fast 
clock is enabled in this mode which increments/decrements 
the address counter until a strobe occurs. When the strobe 
occurs the fast clock is shut off, the contents of the address 
counter is used to perform a seek operation, and the 
counter is incremented/decremented by 1 . The fast clock is 
then enabled again and the process is repeated. If the 
FWD/REV switch is set to FWD, the cylinder address of 
each successive cylinder seek operation is greater than that 
of the previous operation until a count of 202 is reached. 
At a count of 202, the counter is cleared and the process 
continues. If the FWD/REV switch is set to REV, the 
cylinder address of each successive cylinder seek operation 



is less than the previous operation until a count of minus 1 
is reached. At a count of minus 1 , the counter is loaded to a 
count of 202 and the process continues. 

3.4 UTILIZATION PROCEDURE 

To exercise the RK05 Disk Drive, set up the exerciser and 
disk drive per Paragraph 2.2 and perform the following 
operating procedures (Table 3-2). 

CAUTION 
DO NOT attempt to exercise the disk drive 
write circuitry with an alignment disk cartridge 
installed in the disk drive as serious damage to 
the alignment tracks may result. The alignment 
disk cartridge is identified by a red access door 
and/or a red label. 



Table 3-2 
Exerciser Operating Procedure 



Procedure 


Indication 


1. To 


position the read/write heads to a particular cylinder: 




a. 


Set the RTZ and RUN toggle switches to the down 
position. 




b. 


Set the Function knob to OSC. 




c. 


Set the Cylinder Address toggle switches to the 
desired cylinder address (0—202). 




d. 


Quickly toggle the RUN toggle switch to RUN and 


Observe the linear positioner moves to 




off; repeat until positioner stops at the selected 


the selected cylinder and stops. 




cylinder. 




2. To 


position the read/write heads to ever increasing 




cylinder addresses: 




a. 


Set the FWD/REV toggle switch to FWD. 




b. 


Set the Function knob to STEP. 


Observe the linear positioner moves to 


c. 


Set the RUN toggle switch to RUN. 


ever increasing cylinder addresses. 
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Table 3-2 (Cont) 
Exerciser Operating Procedure 



Procedure 


Indication 


3. To position the read/write heads to ever decreasing 




cylinder addresses: 




a. Set the function knob to STEP. 




b. Set the FWD/REV toggle switch to REV. 




c. Set the RUN toggle switch to RUN. 


Observe the linear positioner moves to 




ever decreasing cylinder address. 


4. To alternately position the read/write heads to a selected 




cylinder address and ever increasing cylinder addresses: 




a. Set the RTZ and RUN toggle switches to the down 




position. 




b. Set the Function knob to ALT. 




c. Set the Cylinder Address toggle switches to the 




desired cylinder addresses (0—202). 




d. Set the FWD/REV switch to FWD. 




e. Set the RUN toggle switch to RUN. 


Observe the linear positioner moves back 




and forth between the selected cylinder 




address and ever increasing cylinder 




addresses. When the increasing cylinder 




addresses reach 202, the positioner moves 




directly to cylinder address and the 




process continues. 


5. To alternately position the read/write heads to a selected 




cylinder address and ever decreasing cylinder addresses: 




a. Perform steps 4a through 4c. 




b. Set the FWD/REV switch to REV. 




c. Set the RUN toggle switch to RUN. 


Observe the linear positioner moves back 




and forth between the selected cylinder 




address and ever decreasing cylinder 




addresses. When the decreasing cylinder 




addresses reach 0, the positioner moves 




directly to cylinder address 202 and the 




process continues. 
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Table 3-2 (Cont) 
Exerciser Operating Procedure 



Procedure 


Indication 


6. To oscillate the read/write heads back and forth between 




a selected cylinder address and cylinder address 0: 




a. Set the RTZ and RUN toggle switches to the down 




position. 




b. Set the Function knob to OSC. 




c. Set the Cylinder Address toggle switches to the 




desired cylinder address (0—202). 




d. Set the RUN toggle switch to RUN. 


Observe the linear positioner oscillates 




back and forth between cylinder address 




and the selected cylinder address. 




NOTE 




If the Cylinder Address switches are set 




to address 0, the linear positioner will not 




move. 


7. To randomly position the read/write heads to many 




different cylinder addresses: 




a. Set the RTZ and RUN toggle switches to the down 




position. 




b. Set the Function switch to RAND. 




c. Set the RUN toggle switch to RUN. 


Observe the linear positioner moves 




randomly. 


8. To move the read/write heads to cylinder address 0, set 


Observe the linear positioner moves to 


the RTZ switch to RTZ. 


cylinder address and stops. 
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Table 3-2 (Cont) 
Exerciser Operating Procedure 



Procedure 


Indication 


9. 


To continuously write all sectors on a particular 
cylinder: 








a. 


Set all toggle switches to the down position. 








b. 


Set the Function knob to OSC. 








c. 


Position the Cylinder Address toggle switches to 
the desired cylinder address (0-202). 








d. 


Quickly toggle the RUN toggle switch to RUN and 
off. Repeat until positioner stops at the selected 
cylinder. 


Observe the linear position moves 
selected cylinder and stops. 


to the 




e. 


Set the Head Select - UPPER/LOWER toggle 
switch to the desired position. 








f. 


Set the Data Bits toggle switch to the desired data 
configuration (Table 3-3). 








8- 


Set the Write Sector knob to ALL. 








h. 


Set the Constant Write toggle switch to ON. 






10. 


To write all sectors on a particular cylinder only once: 








a. 


Perform steps 9a through 9g. 








b. 


Depress the WRITE pushbutton. 






11. 


To write a particular sector on a particular cylinder 
continuously: 








a. 


Perform steps 9a through 9f. 








b. 


Set the Write Sector knob to the desired sector. 








c. 


Set the Constant Write toggle switch to ON. 






12. 


To write a particular sector on a particular cylinder only 
once: 








a. 


Perform steps 9a through 9g. 








b. 


Set the Write Sector knob to the desired sector. 








c. 


Depress the WRITE pushbutton. 
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Table 3-2 (Cont) 
Exerciser Operating Procedure 



Procedure 


Indication 


13. To 


erase all sectors on a particular cylinder: 




a. 


Perform steps 9a through 9e. 




b. 


Set the Write Sector knob to ALL. 




c. 


Set the DC Erase toggle switch to ON. 




d. 


Depress the WRITE pushbutton. 




14. To erase a particular sector on a particular cylinder: 




a. 


Perform steps 9a through 9e. 




b. 


Set the Write Sector knob to the desired sector. 




c. 


Set the DC Erase toggle switch to ON. 




d. 


Depress the WRITE pushbutton. 





Table 3-3 
Data Bits Switch to Data Bit Correlation 



Data Bits Switch 


Data Bit Selected 



1 

2 
3 


0,4,8,12* 
1,5,9,13* 
2,6,10,14* 
3,7,11,15* 



*Bits 12, 13, 14, 15 are written only on 12 sector disk 
packs. 
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CHAPTER 4 
THEORY OF OPERATION 



4.1 SCOPE 

This chapter provides a detailed description of the RK05 
Exerciser. The description is provided in three parts: a 
functional description, a detailed logic description, and a 
flow diagram description. 

4.2 FUNCTIONAL DESCRIPTION 

Functionally, the exerciser circuitry can be separated into 
two logic sections: the writer exerciser and the positioner 
exerciser. The writer exerciser monitors the disk drive 
sector counter and BUS INDEX lines and generates control 
and data signals to exercise the disk drive write circuitry. 
The positioner exerciser monitors the disk drive R/W/S 
READY (Read/Write/Seek Ready) line and fault lines and 
generates control signals and cylinder addresses to exercise 
the disk drive linear positioner circuitry. 



If the Constant Write toggle switch is set to ON, the WRITE 
ENABLE line is constantly asserted thereby enabling the 
write clock to run continuously. The BUS WRITE GATE 
line then asserts whenever the WRITE GATE ENABLE line 
asserts. Thus, in the constant write mode, the BUS INDEX 
signal has no effect and the selected sector is written each 
time it passes under the read/write head. 

If the Constant Write toggle switch is set to off (down) and 
the WRITE pushbutton is depressed, the first BUS INDEX 
pulse causes the WRITE ENABLE line to assert. The BUS 
WRITE GATE line will then follow the state of the WRITE 
GATE ENABLE line. After one revolution of the disk 
another BUS INDEX pulse occurs and clears the WRITE 
ENABLE and BUS WRITE GATE lines. Thus, the write 
clock is enabled for one revolution of the disk only and the 
selected sector is written only once. 



4.2. 1 Writer Exerciser 

As illustrated in Figure 4-1, the writer exerciser is separated 
into four functional logic blocks: the sector decoder, the 
write control logic, the write clock, and the clock and data 
output multiplexer. 



4.2.1.1 Sector Decoder — The sector decoder decodes the 
sector counter inputs from the disk drive and asserts one of 
ten sector select lines (0—9) to the front panel Write Sector 
switch. The disk drive continually updates the sector 
counter inputs to indicate the sector currently passing 
under the read/write heads. When the sector select line 
asserted corresponds to the position of the Write Sector 
switch, the WRITE GATE ENABLE line asserts. 



4.2.1.2 Write Control Logic - The Write Control logic 
monitors the front panel Constant Write and WRITE 
switches and the disk drive BUS INDEX signal and enables 
or disables the write clock and the disk drive write circuitry 
accordingly. 



4.2.1.3 Write Clock — When enabled, the write clock 
generates the clock pulses and control signals necessary to 
gate the clock pulses and data bits through the multiplexer. 

4.2.1.4 Clock and Data Output Multiplexer — The clock 
and data multiplexer converts parallel data bit inputs from 
front panel Data Bits toggle switches into a serial data 
output and frames each data bit with clock pulses. Setting 
the front panel DC Erase toggle switch to ON causes a 
constant HIGH to be output on the BUS WRITE DATA 
AND CLOCK line thereby erasing the selected sector. 

4.2.1.5 Head Select Switch — The output from the front 
panel Head Select switch selects either the upper or lower 
read/write head in the disk drive. 

4.2.2 Positioner Exerciser 

As illustrated in Figure 4-1, the positioner exerciser is 
separated into five functional logic blocks: the strobe 
oscillator, the address counter control logic, the address 
counter, the cylinder address source select logic, and the 
fault detect logic. 
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4.2.2.1 Strobe Oscillator — The strobe oscillator monitors 
the front panel RUN switch and the R/W/S READY line 
from the disk drive and, when enabled, generates strobes to 
the address counter control logic, the cylinder address 
source select logic, and the disk drive. If the RUN switch is 
set to the down position, the strobe oscillator is disabled. 
Setting the switch to the up position conditions the strobe 
oscillator such that any assertion of the R/W/S READY 
input activates the oscillator. 

4.2.2.2 Address Counter Control Logic — The address 
counter control logic, monitors the front panel Function 
and FWD/REV switches, and controls the operation of the 
address counter accordingly. The Function switch selects 
one of four operating modes and the FWD/REV switch 
determines whether the address counter will be incre- 
mented or decremented. Note that setting the RTZ switch 
to the up position overrides all other inputs to the address 
counter control logic by clearing and holding the address 
counter to a count of and asserting the BUS RESTORE 
line to the disk drive. The following paragraphs describe the 
operation of the address counter control logic in each of 
the four modes. 



4.2.2.2.1 Step Mode - In this mode the STEP input to the 
Cylinder Address source select logic asserts and causes 
ADDR CNTR SEL to assert. When the strobe oscillator 
generates a strobe, the ADDR CNTR BITS (0-7) are gated 
through the cylinder address source select logic and strobed 
into the disk drive. The disk drive linear positioner then 
performs a seek operation to the cylinder address indicated. 
If the front panel FWD/REV switch is set to FWD, the 
COUNT UP line then asserts and increments the address 
counter by 1. When the next strobe occurs, the ADDR 
CNTR BITS (0—7) are gated out again and the counter is 
incremented by 1 . This continues until the counter reaches 
a count of 202. At a count of 202, the 202 DETECT line 
asserts, the counter is cleared to a count of 0, and the 
process continues. If the FWD/REV switch is set to REV, a 
strobe causes the COUNT DOWN line to assert decre- 
menting the counter by 1 and upon reaching a count of 
minus 1, the counter is loaded to a count of 202. Thus, in 
the step mode, the disk drive performs seek operation to 
ever increasing or decreasing consecutive cylinder addresses. 

4.2.2.2.2 Alternate Mode - In this mode, the ADDR 
CNTR SEL line asserts only on alternate strobes, causing 
the ADDR CNTR BITS (0-7) to be gated out to the disk 
drive and enabling the address counter to be incremented or 
decremented by 1. Thus, in the alternate mode, the disk 
drive linear positioner performs seek operations alternately 
to the cylinder address contained in the front panel 



Cylinder Address switches and the address counter. Note 
that the Cylinder Address switches provide a fixed address 
while the address counter provides an ever increasing or 
decreasing address. 

4.2.2.2.3 Oscillate Mode — In this mode, like the alternate 
mode, the ADDR CNTR SEL line asserts on alternate 
strobes. However, in the oscillate mode, the OSC line 
asserts causing the address counter control logic to assert 
the CLEAR line which clears the address counter to and 
holds it there. Thus, in the oscillate mode, the disk drive 
linear positioner performs seek operations alternately to the 
cylinder address contained in the front panel Cylinder 
Address switches, which may be set to any address from 
to 202, and the address counter, which is held to address 0. 

4.2.2.2.4 Random Mode - In this mode, the STEP and 
RANDOM lines assert. The assertion of STEP causes ADDR 
CNTR SEL to assert, therefore, as in the step mode, each 
occurrence of a strobe in the random mode causes the 
ADDR CNTR BITS (0-7) to be gated out to the disk drive 
and the address counter to be incremented or decremented 
by 1. The random mode differs from the step mode, 
however, in that the assertion of the RANDOM line enables 
a fast clock internal to the address counter control logic. 
The fast clock increments or decrements the address 
counter between strobes. Hence, the cylinder addresses 
output to the disk drive are not consecutive, but rather, 
differ by varying amounts depending on the elapsed time 
between strobes. As a result, the seek operations performed 
by the disk drive linear positioner are pseudo-random. 

4.2.2.3 Address Counter — The address counter outputs 
the ADDR CNTR BITS (0-7) to the cylinder address 
source select logic and asserts the NEQ 1 DETECT and 202 
DETECT lines whenever those counts are reached. The 
inputs to the address counter from the address counter 
control logic enable the counter to be incremented by 1 
from to 202, decremented by 1 from 202 to 0, cleared to 
a count of and loaded to a count of 202. 

4.2.2.4 Cylinder Address Source Select Logic — The 

cylinder address source select logic monitors the front panel 
Function switch and selects either the front panel Cylinder 
Address switches or the address counter as the source of the 
cylinder address accordingly. If the Function switch is set 
to ALT or OSC, the STEP input is cleared and the strobe 
input alternately selects the address counter input and 
Cylinder Address switch input as the cylinder addresses 
source. If the Function switch is set to STEP or RAND, 
however, the STEP input asserts and the address counter 
input is constantly selected as the cylinder address source 
and the strobe input has no effect. 
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Figure 4-1 RK05 Exerciser Functional Block Diagram 
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4.2.2.5 Fault Detect Logic — The fault detect logic 
monitors the BUS ADDRESS INVALID and BUS SEEK 
INCOMPLETE inputs from the disk drive and lights the 
corresponding front panel indicator when either of the lines 
asserts. Assertion of the RTZ line causes the ADDR INV 
indicator to extinguish. 



4.3 DETAILED LOGIC DESCRIPTION 

The following paragraphs provide a detailed logic level 
description of each of the functional blocks shown in 
Figure 4-1 . 



4.3.1 Writer Exerciser 

4.3.1.1 Sector Decoder and Write Sector Switch — The 
sector decoder (Figure 4-2) decodes the SECTOR CNTR 
(0—3) inputs and asserts one of ten lines to the Write Sector 
switch. When the sector decoded corresponds to the 
position of the Write Sector switch, the WRITE GATE 
ENABLE L line asserts. If the Write Sector switch is set to 
ALL, WRITE GATE ENABLE L is always asserted. 



4.3.1.2 Write Control Logic — The write control logic 
(Figure 4-3) enables the disk drive to write the selected 
sector once or repeatedly. Setting the Constant Write 
switch to ON asserts CONSTANT WRITE L which sets the 
Write Gate flip-flop, thereby enabling the write clock and 
conditioning the bus write AND gate. Under these 
conditions, the write clock runs constantly and the BUS 
WRITE GATE L line asserts each time WRITE GATE 
ENABLE L asserts, i.e., each time the selected sector passes 
under the read/write heads. Setting the Constant Write 
switch to off (down) and depressing the WRITE push- 
button clears CONSTANT WRITE L and asserts WRITE L, 
which sets the Write Latch. When the bus index pulse 
occurs (the bus index pulse occurs once per disk 
revolution), the positive-going edge sets the Enable Write 
Gate flip-flop, which in turn sets the Write Gate flip-flop 
thus enabling the write clock and conditioning the bus 
write AND gate. BUS WRITE GATE L then asserts when 
the selected sector passes under the read/write heads and 
immediately thereafter the selected sector is written. The 
very next bus index pulse then resets the Write Gate 
flip-flop on its negative-going edge. Note that releasing the 
WRITE pushbutton clears the Write Latch and resets the 
Enable Write Gate flip-flop. 
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4.3.1.3 Write Clock — The write clock generates the clock 
pulses and control signals necessary to gate clock pulses and 
data bits through the clock and data multiplexer (Figure 
44). See timing diagram (Figure 4-5) for logic operation. 
Note that the clock runs as long as WRITE ENABLE H is 
asserted. 

4.3.1.4 Clock and Data Output Multiplexer — The clock 
and data output multiplexer serially outputs the clock 
pulses and data bits such that each data bit is preceded and 
succeeded by a clock pulse (Figure 4-6). Referring to Figure 
4-5, note that the initial clock pulse is generated on the first 
assertion of CLOCK H. On the second assertion of CLOCK 
H, 1 L is cleared and the bit AND gate is satisfied, gating 
bit on to the output line. On the third assertion of 
CLOCK H, 1 L is asserted again generating a second clock 
pulse and so on. 



4.3.2 Positioner Exerciser 

4.3.2.1 Strobe Oscillator — The strobe oscillator (Figure 
4-7) generates strobes which are used internally and are also 
output to the disk drive to gate in the cylinder address. 
Setting the fron t panel RUN switch to the up position 
clears the RUN L line. When the disk drive is ready to 
execute another operation, the R/W/S READY L line 
asserts, turning the input driver off. With the driver off, the 
capacitor charges until the UJT (unijunction transistor) 
conducts, discharging the capacitor and generating a 
positive-going pulse which is inverted by the output inverter 
asserting STROBE L. The negative-going pulse output turns 
the output driver on, asserting BUS STROBE L. In response 
to BUS STROBE L, the disk drive initiates a seek operation 
and clears the R/W/S READY L input. 
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Figure 4-5 Write Clock and Multiplexer Timing Diagram 
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4.3.2.2 Address Counter Control Logic — The address 
counter control logic (Figure 4-8) monitors the front panel 
switches and manipulates the address counter in accordance 
with the mode of operation selected: 

a. Step Mode — If the step mode is selected and 
the FWD/REV switch is set to FWD, the ADDR 
CNTR SEL H line asserts (Paragraph 4.3.2.4 b), 
FWD L asserts, and REV L clears (goes HIGH). 
When the strobe oscillator outputs STROBE L, 
the count trigger one-shot triggers asserting 
COUNT UP L which increments the counter by 
1 and ADDR SOURCE TRIG L asserts 
(Paragraph 4.3.2.4 b) and clears the Load/Clear 
flip-flop. This has no effect on the fast clock 
driver because RANDOM L is cleared holding 
the driver ON thereby disabling the fast clock. 
Therefore, in the step mode, successive strobes 
gate the count of the address counter to the 
disk drive and increment the counter until a 
count of 202 is detected. At a count of 202, 
the Load/Clear flip-flop is set, asserting CLEAR 
H which clears the counter to a count of 0. The 
very next strobe then asserts ADDR SOURCE 
TRIG L, clearing the Load/Clear flip-flop and 
incrementing the counter to a count of 1 and so 
on. 



Alternate Mode — If the alternate mode is 
selected and the FWD/REV switch is set to the 
REV position, the ADDR CNTR SEL H line 
clears on the first strobe thereby preventing the 
counter from being decremented. The first 
strobe also asserts ADDR SOURCE TRIG L 
which clears the Load/Clear flip-flop but does 
not affect the fast clock. On the second strobe, 
ADDR CNTR SEL H asserts causing COUNT 
DOWN L to assert decrementing the counter by 
1. On the third strobe, ADDR CNTR SEL H 
clears hence the counter is only decremented 



on alternate strobes. When the counter reaches 
a count of minus 1 , the Load/Clear flip-flop is 
set and LOAD L asserts, loading a count of 202 
into the counter. The very next strobe asserts 
ADDR SOURCE TRIG L, clearing the Load/ 
Clear flip-flop. 

Oscillate Mode — If the oscillate mode is 
selected, OSC L is asserted clearing the counter 
to a count of and holding it there. 

Random Mode — If the random mode is 
selected and the FWD/REV switch is set to 
FWD, the ADDR CNTR SEL H line asserts 
immediately and RANDOM L asserts, turning 
the fast clock driver off enabling the fast clock. 
The fast clock then outputs clock pulses which 
increment the counter and reset the Load/Clear 
flip-flop. When the first strobe occurs, ADDR 
SOURCE TRIG L asserts turning the fast clock 
driver on thereby inhibiting the fast clock 
pulses. The count trigger one-shot also triggers 
on the first strobe, incrementing the counter by 
1. When ADDR SOURCE TRIG L clears, the 
fast clock starts incrementing the counter again. 
When the counter reaches a count of 202, the 
202 DETECT L line asserts and the counter is 
cleared to a count of 0. Thus, in the random 
mode, the fast clock increments the counter 
until a strobe occurs; the strobe gates the count 
to the disk drive and increments the counter by 
1. The fast clock then starts again and incre- 
ments the counter until another strobe occurs. 
As a result, successive cylinder address outputs 
to the disk drive appear to be randomly 
selected. 

Note that the assertion of RTZ L clears and 
holds the counter to a count of and asserts 
BUS RESTORE L. 
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Figure 4-8 Address Counter Control Logic 



4.3.2.3 Address Counter — The address counter (Figure 
4-9) can count up from to 202 and count down from 202 
to minus 1 . When the CLEAR H input asserts, the counter 
clears to a count of 0. When the LOAD L input asserts, the 
counter sets to a count of 202. When the counter reaches a 
count of 202 or minus 1 , the respective count detect line 
asserts. 



4.3.2.4 Cylinder Address Source Select Logic — The 

cylinder address source logic (Figure 4-10) monitors the 
front panel Function switch and selects the cylinder address 
source in accordance with the mode of operation selected: 

a. Alternate and Oscillate Modes — In these 
modes, the strobe input to the address source 
select logic alternately selects the cylinder 
address switch inputs and the address counter 
inputs. If the Address Source flip-flop is reset 
when the first strobe occurs, the 4 /us one-shot 



triggers asserting ADDR SOURCE TRIG L 
which sets the Address Source flip-flop, thereby 
asserting SWITCH ADDR SEL H. The assertion 
of SWITCH ADDR SEL H selects the front 
panel Cylinder Address switch inputs. When the 
second strobe occurs, the 4 jus one-shot triggers 
again but this time the Address Source flip-flop 
resets because the D-input to the flip-flop is 
low. Thus, the ADDR CNTR SEL H line asserts 
and selects the address counter inputs. 

Step and Random Mode — In these modes, the 
STEP L input to the Cylinder Address source 
select logic is a constant LOW, holding the 
Address Source flip-flop in the reset state. 
Thus, the ADDR CNTR SEL H line is always 
asserted selecting the address counter inputs. 
Note however, that ADDR SOURCE TRIG L 
still asserts each time STROBE L asserts in 
these modes. 
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4.3.2.5 Fault Detect Logic — The fault detect logic 
monitors the disk drive fault inputs (Figure 4-11). When 
BUS ADDRESS INVALID L asserts, the flip-flop sets 
turning the driver on. When the driver turns on, a ground is 
applied to the ADDRESS INV indicator causing it to 
illuminate. The indicator remains illuminated until the RTZ 
switch is set to the up position resetting the flip-flop. When 
BUS SEEK INCOMPLETE L asserts, a ground is applied to 
the SEEK INC indicator. 



4.4 FLOW DIAGRAM DESCRIPTION 

The following flow diagrams provide a step by step 
explanation of the exerciser operating sequences. Figure 
4-12 covers the writer exerciser module operation, and 
Figures 4-13 through 4-16 cover the positioner exerciser 
module operation in each of the four modes. 
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Figure 4-12 Writer Exerciser Flow Diagram 
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Figure 4-14 Positioner Exerciser Alternate Mode Flow Diagram 
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Figure 4-1 5 Positioner Exerciser Oscillate Mode Flow Diagram 
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Figure 4-1 6 Positioner Exerciser Random Mode Flow Diagram 
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CHAPTER 5 

MAINTENANCE 



5.1 SCOPE 

This chapter lists test equipment required and provides a 
complete description of exerciser maintenance procedures, 
including a preventive schedule and a corrective main- 
tenance troubleshooting flow diagram. 



5.2 MAINTENANCE PHILOSOPHY 

Basically, exerciser maintenance consists of preventive and 
corrective maintenance procedures, and a maintenance log. 
The preventive maintenance procedures are performed 
regularly in an attempt to detect any damage caused by 
improper handling of the unit. The corrective maintenance 
troubleshooting flow diagram is provided to aid service 
personnel in isolating and repairing faults in exerciser 



circuitry. The maintenance log (included in the back of this 
manual) is used to record all maintenance action and aid in 
detecting any component failure pattern that may develop. 

5.3 TEST EQUIPMENT REQUIRED 

Exerciser maintenance procedures require the test equip- 
ment, tools, and materials listed in Table 5-1 , in addition to 
standard hand tools, cleaners, test cables, and probes. 

5.4 PREVENTIVE MAINTENANCE 

Preventive maintenance consists of tasks performed at 
periodic intervals to ensure proper equipment operation 
and minimum unscheduled maintenance. These tasks 
include visual inspection and operational checks. Table 5-2 
provides a recommended preventive maintenance schedule. 



Table 5-1 
Test Equipment Required 



Equipment 


Manufacturer 


Designation 


Oscilloscope 
X10Probe(2) 
Multimeter 
Module Extender 


Tektronix 
Tektronix 
Triple tt/Simpson 
DIGITAL 


Type 453 or equivalent 
P6008 

Model310/Model260 
W984 (Dual Height) 
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Table 5-2 
Preventive Maintenance Schedule 



Performance Interval 


Test or Procedure 


Monthly 




Visually inspect for physical damage, correct if required. 


Monthly 




Clean externally. 


Monthly 




Check that all modules are properly seated in the connector block. 


Quarterly (Every 


3 months) 


Check that all indicators work properly. 


Quarterly 




Clean internally with vacuum cleaner or a soft brush. 


Quarterly 




Touch up external paint scratches or scrapes. Check for looseness of the 
knobs, switches, and indicators. 



5.5 CORRECTIVE MAINTENANCE 

The following information will aid the service technician in 
isolating failing exerciser components. The information is 
presented in flow diagram form such that correctly 



functioning exerciser circuitry is systematically eliminated. 
Using the flow diagram (Figure 5-1) and logical deductive 
reasoning, faulty components can be located. 
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Figure 5-1 Troubleshooting Flow Diagram 
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CHAPTER 6 

RK05 DISK DRIVE MAINTENANCE 

USING THE RK05 EXERCISER 



6.1 SCOPE 

This chapter contains RK05 Disk Drive alignment, check- 
out, and adjustment procedures which incorporate the use 
of the RK05 Exerciser as a maintenance aid. For additional 
maintenance information, refer to the RK05 Disk Drive 
Maintenance Manual, DEC-00-RK05-DB. 

6.2 ALIGNMENT, CHECKS, AND ADJUSTMENTS 
6.2.1 Alignment Cartridges 

6.2.1.1 RK05K-AC Alignment Cartridge - This DEC 

alignment cartridge represents the preferred method for 
RK05 alignment procedures. It provides three tracks 
(principal track 105, plus spare tracks 85 and 125) of 
constant frequency data with alternate sectors recorded at 
displacements of +0.0025 and -0.0025 inches, respectively, 
from the ideal track locations. 

When a head is aligned to specifications, the readback signal 
shows equal amplitudes for all sectors (shown when the 
oscilloscope displays only two sectors and triggered by the 
SECTOR signal). The degree of amplitude inequality in 
alternating sectors indicates the departure from exact 
alignment. 

Sector timing data is included on all three tracks to indicate 
head gap location relative to sector pulse detection. This 
data is represented by a single pulse (70 /is nominal) 
following the INDEX pulse and 10 jus prior to the onset of 
head alignment data. 

The RK05K-AC alignment cartridge also indicates the 
degree of runout on the spindle. When the oscilloscope is 
triggered on INDEX and a complete revolution of the disk 



is displayed, the head may appear to be aligned at some 
sector locations and misaligned at others. This condition 
indicates the degree of wobble of the spindle. Figure 6-la 
shows a spindle with negligible runout; Figure 6-lb shows a 
spindle with considerable runout. The amount of wobble 
can be determined by the amplitude differences occurring 
in any adjacent pair of sector boundaries using the same 
equations used for head alignment. 

NOTE 

If the condition shown, in Figure 6-lb exists, 
ensure that the mating of spindle and disk is 
clean. Improper mating can cause such runout. 




Figure 6-la Spindle Runout 
(Negligible Runout) 
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Figure 6-1 b Spindle Runout 
(Considerable Runout) 



Specifications for the RK05K-AC alignment cartridge are as 
follows: 

Alignment and Sector Timing Tracks: 
Primary Track — 105 

Backup Tracks — 85, 125 (Use only if track 
105 is unusable) 

Recorded Frequency: Nominal 720 kHz 

Number of Sectors: 12 

Alignment Accuracy, track 105: ±200 microinches 

Sector Timing: Single pulse 70 ± 1 jus following 
INDEX pulse 



6.2. 1.2 23 1 5 CE Test Cartridge Shim Installation - (To be 

used only when an RK05K-AC alignment cartridge is not 
available.) Before a 2315 CE test cartridge can be used for 
any RK05 alignment procedure, a .005-inch shim must be 
installed in the disk hub. Because the 2315 cartridge is 
recorded at low density and the RK05 uses a high-density 
cartridge, this shim is required to accentuate the wobble of 
the low-density cartridge and allow it to be used for 
high-density alignments. To install the shim properly, trim a 
piece of .005 -inch shim stock as indicated in Figure 6-2 and 
attach it to the disk hub as follows: 

1. Locate sector 00 by holding the cartridge 
upside down and observing the sector slots in 
the metal lip of the disk hub (Figure 6-2). 
Rotate the disk clockwise inside the plastic case 
until two slots close together are located (sector 
1 1 and index slots). Continue to rotate the disk 
clockwise, stopping at the next slot (sector 00). 

2. Position the shim 180 degrees from the sector 
00 slot. Ensure that the narrow portion of the 
shim is in the spindle cavity and that the shim 
does not reach the bottom of the cavity. 

3. Tape the shim in position. 

6.2.2 Servo System Timing Checks and Adjustments 

The servo system timing adjustments are precisely set at the 
factory and should not be routinely adjusted or fine-tuned 
as part of any PM procedure. If a positioner malfunction is 
suspected, all waveforms related to each phase of servo 
operation should be examined; based on these, the possible 
trouble should be diagnosed before any servo adjustments 
are attempted. Because some of the servo check tolerances 
differ from the adjustment tolerances, reference should be 
made to the check tolerances in Table 6-1 before adjust- 
ments are attempted. 



Table 6-1 
Servo System Checks 



Checks 


Drive Configuration 


Test Point 


Tolerance 


Reference 


Full Stroke Profile 


202 cyl osc seek 


A05H1 


< 90 ms waveform dura- 
tion with plateau at 
trailing edge 


Figure 6-7 


Full Stroke Position 


202 cyl osc seek 


A05M1 


equal beginning & end 
amplitudes within 5%. 
< 1 V overshoot 


Figure 6-8 


Outer Limit 


rep RTZ 


A05J1 


3 to 3.5 V amplitude. 
< 0.3 V plateau 


Figure 6-9 
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Table 6-1 (Cont) 
Servo System Checks 



Checks 


Drive Configuration 


Test Point 


Tolerance 


Reference 


Sine Amplitude/Offset 


4 cyl osc seek 


A05M1 


10 ± 1 V p-p, ground 
symmetrical within 
±10% 


Figure 6-3 


Velocity Offset 


4 cyl osc seek 


A05M1 


ground symmetrical 
within ±10% 


Figure 6-3 


Cosine Amplitude 


4 cyl osc seek 


A05S1 


10 ± 1 V p-p, ground 
symmetrical within 

±10% 


Figure 6-4 


Velocity Amplitude 


2 cyl osc seek 


A05M1 


center pulse dura- 
tion = 3.2 ± 0.5 ms 


Figure 6-5 


Acceleration 


64 cyl osc seek 


A05H1 


14 msrise time 


Figure 6-6 





VIEW A- 



1 



SHIM- 



H 



1/16" 

X 



3/8" 



THICKNESS=.005' 



Figure 6-2 CE Test Cartridge Shim Installation 
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Table 6-2 
Servo System Adjustments 



Potentiometer* 


Function 


SA (Sine Amplitude) 


Sets amplitude of SIN POSITION signal 


SO (Sine Offset) 


Adjusts SIN POSITION symmetry about ground 


CA (Cosine Amplitude) 


Sets amplitude of COS POSITION signal 


CO (Cosine Offset) 


Adjusts COS POSITION symmetry about ground 


VO (Velocity Offset) 


Adjusts velocity generator output at zero velocity. (Provides offset 
control to position loop.) 


LSA (Limit Signal Amplitude) 


Simultaneously adjusts amplitude of both Limit signals before digitizing 


LSO (Limit Signal Offset) 


Sets zero level of Limit signal with positioner in normal recording area 
of disk 


CURRENT (on H604) 


Sets maximum positioner current (determines acceleration) 



♦Potentiometers are located on the G938 card (card position 5) of the electronic module. Remove the prefilter at the rear of the 
drive to gain access to these potentiometers. 



NOTE 

Settings within the tolerances listed in Table 
6-2 should not be adjusted. 

For most malfunction cases, the positioner system will 
operate enough to allow dynamic measurements. However, 
if the positioner either does not operate or operates very 
erratically, the static checks and adjustments described in 
Paragraph 6.2.2.2 should be performed. If servo system 
parts are field-installed, settings must be readjusted, 
according to Table 6-1. 

6.2.2.1 Dynamic Off-Line Checks and Adjustments 

1. To prepare the RK05 Disk Drive for testing, 
perform the RK05 Exerciser set-up procedure 
(Paragraph 2.2). 

2. Set the oscilloscope controls (Tektronix 453 or 
equivalent) as follows: 



• vertical 






mode 


= 


channel 1 


sensitivity 


= 


2 V/div 


trigger 


= 


channel 1 


coupling 


= 


dc 



• sweep 

A sweep 

time 

trigger 

• trigger 

source 

coupling 

slope 



10 ms/div 
normal 



external* 

ac 

+ 



*Connect the scope external trigger input 
to disk drive B05J2 (FWD H) 

3. To avoid excessive scope control changes and to 
keep the probe test point changes to a 
minimum, perform the following checks and 
adjustments in the listed sequence. 

SINE Amplitude (SA) and Offset (SO) 

a. Set exerciser front panel RTZ and RUN 
toggle switches to the down position. 

b. Set the exerciser Function knob to OSC. 

c. Set exerciser Cylinder Address4 toggle 
switch to 1 and all other Cylinder 
Address switches to 0. 
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Set the RUN toggle switch to RUN; 
observe the linear positioner oscillates 
between cylinders and 4. 



The waveform amplitude must be 
1 ± 1 V p-p and symmetrical about 
ground. 



Observe A05M1 (SIN POSITION) for a 
scope display as illustrated in Figure 6 -3 a. 



If necessary, adjust SA (Table 6-2) for the 
correct amplitude and SO for the ground 
symmetry. 




PIN 


= 


A05M1 


SWEEP 


= 


10 ms/div 


VERT SENS 


= 


2V/div 



a. Correct Waveform (Symmetrical Signal) 




b. Incorrect Waveform (Signal not Symmetrical about Ground) 



Figure 6-3 Sine Amplitude/Offset and Velocity Offset Waveform 
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Velocity Offset (VO) 

a. Observe that the voltage minimums at 
A05M1 (SIN POSITION) are symmetrical 
about ground (Figures 6-3a and 6-3b). A 
small amount of ripple at the minimum 
voltage levels is normal. To estimate the 
degree of symmetry, use the average value 
of the ripple as the voltage minimum. 

b. If necessary, adjust VO (Table 6-2) for 
the required symmetry. 



Cylinder Address-2 toggle switch to 1; 
observe the linear positioner oscillates 
between cylinders and 2. 

Set the scope sweep time to 1 ms/div. 

Observe A05M1 for a scope display as 
illustrated in Figure 6-5. The duration of 
the center cycle must equal 3.2 ± .05 ms. 

If necessary, adjust VA (Table 6-2) for 
the correct time. 



Cosine Amplitude (CA) and Offset (CO) 

a. Observe A05S1 (COS POSITION) for a 

scope display as illustrated in Figure 64. 

The waveform amplitude must be 

10 ± 1 V p-p and symmetrical about 

ground. 



b. If necessary, adjust CA (Table 6-2) for 
the correct amplitude and CO for the 
ground symmetry. 



Velocity Amplitude (VA) 
a. Set the exerciser front panel Cylinder 
Address-4 toggle switch to and the 



Acceleration (Positioner Current) 

a. Set the exerciser front panel Cylinder 
Address-2 toggle switch to and the 
Cylinder Address-64 toggle switch to 1; 
observe the linear positioner oscillates 
between cylinders and 64. 

b. Set the scope sweep time to 5 ms/div and 
the vertical sensitivity to 0.5 V/div. 

c. Observe disk drive A05H1 (VELOCITY) 
for a velocity profile as illustrated in 
Figure 6-6. 

d. If necessary, adjust R15 (on H604) for a 
14 ms rise time. 




PIN 


= 


A05S1 


SWEEP 


= 


lOms/div 


VERT SENS 


= 


2V/div 



Figure 6-4 Cosine Amplitude/Offset Waveform 
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PIN 


= 


A05M1 


SWEEP 


= 


1 ms/div 


VERT SENS 


= 


2V/div 



Figure 6-5 Velocity Amplitude Waveform 



ov 




PIN 


= 


A05H1 


SWEEP 


= 


5 ms/div 


VERT SENS 


= 


0.5V/div 



Figure 6-6 Acceleration Waveform 
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Full Stroke Profile 

a. Set the exerciser front panel Cylinder 
Address- 128, 8, and 2 toggle switches to 
1; observe the linear position oscillates 
between cylinders and 202. 

b. Set the scope sweep time to 10 ms/div 
and the vertical sensitivity to 0.5 V/div. 

c. Observe A05H1 (VELOCITY) for a scope 
display as illustrated in Figure 6-7. The 
V level of the profile must be reached 
in less than 90 ms from the start of the 
seek. In addition, there must be a definite 
plateau (constant voltage level) at the end 
of the seek. If this is not the case, recheck 
the Velocity Amplitude (VA) and the 



Acceleration (Positioner Current). Adjust 
the appropriate potentiometer (Table 
6-2) as required to obtain the correct 
waveform. 

Full Stroke Position Waveform 

a. Set the scope vertical sensitivity to 
2 V/div and observe A05M1 (SIN 
POSITION) for a scope display as illus- 
trated in Figure 6-8. The waveform 
amplitudes at the start and end of the 
seek must be equal within 5% and the 
overshoot at the end of the seek must not 
exceed 1 V. If overshoot is excessive, 
recheck the Velocity Amplitude (VA) 
and the Acceleration (Positioner Cur- 
rent). 




PLATEAU 



PIN 


= 


A05H1 


SWEEP 


= 


10 ms/div 


VERT SENS 


= 


0.5V/div 



Figure 6-7 Full Stroke Waveform 



EQUAL 
WITHIN 5% 




OVERSHOOT < 1V 



PIN 


= 


A05M1 


SWEEP 


= 


10 ms/div 


VERT SENS 


= 


2V/div 



Figure 6-8 Full Stroke Position Waveform 
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Outer Limit (dynamic test) 

a. Set exerciser front panel RTZ toggle 
switch to RTZ. 

b. Trigger the scope from B05K2 (REV H). 

c. Set the scope vertical sensitivity to 
1 V/div and observe A05J1 (LIMIT) for a 
scope display as illustrated in Figure 6-9. 
The waveform peak amplitude must be 3 
to 3.5 V with a minimum level of V. In 
addition, the voltage plateau immediately 
following the trailing edge must not 
exceed 0.3 V. If not, perform the Static 
Limit Adjustment procedure (Paragraph 
6.2.2.2). 

d. Set the exerciser RTZ toggle switch to 
the down position. 

e. Check the INNER LIMIT signal by 
physically moving the positioner to the 
inner limit (towards the spindle). If the 
INNER LIMIT signal is operative, a 
restore operation will be initiated. If this 
is not the case, perform the Static Limit 
Adjustment procedure (Paragraph 
6.2.2.2). 



6.2.2.2 Static Tests and Adjustments — Perform the 
following procedure when the positioner or a major servo 
system component has been replaced. This procedure 
should also be followed as a diagnostic aid when the 
positioner system is inoperative or unstable in operation. 

To make the required adjustments, remove the disk 
cartridge from the drive and physically move the positioner 
carriage back and forth while observing the selected signal. 
Use the automatic scope sweep and do not attempt to sync 
the sweep to the observed signal. With a little practice, the 
most convenient sweep speed setting and the type of 
positioner motion required will quickly be discovered. 

To make the static adjustments, proceed as follows: 

1 . Do not install a disk cartridge in the drive. 

2. Place a finger on the positioner carriage 
assembly and place switch SI (on H604) in the 
down or off position. (This precaution prevents 
any possible carriage motion caused by 
transient switch noise.) 

3. Make the following checks and adjustments. 

Sine Amplitude (SA) and Offset (SO) 
a. Set the scope vertical sensitivity to 
2 V/div and adjust the ground reference 
to the center of the scope screen. 




PLATEAU 
<0.3V 



PIN 


= 


A05J1 


SWEEP 


= 


1 ms/div 


VERT SENS 


= 


IV/div 



Figure 6-9 Outer Limit Waveform 
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c. 



Observe A05M1 (SIN POSITION) while 
manually moving the positioner back and 
forth. Adjust SA (Table 6-2) for a 10 V 
p-p signal amplitude. 

Adjust SO until the signal is symmetrical 
about ground. 



Install a prerecorded cartridge in the drive. 

Place the drive in the run mode and manually 
position the heads at any recorded cylinder past 
track zero. An all ZERO data recording is 
preferable; however, any recorded pattern is 
sufficient. 



Cosine Amplitude (CA) and Offset (CO) 
Observe A05S1 and adjust CA and CO (Table 
6-2) in the same manner as that used in the Sine 
Amplitude and Offset procedure above. 

Limit Signal Amplitude (LSA) and Offset 
(LSO) 

a. Set the scope vertical sensitivity to 
1 V/div and adjust the ground reference 
to the center of the scope screen. 

b. Observe A05J1 with the positioner 
stationary at approximately the center of 
travel. Adjust LSO (Table 6-2) for a 
ground signal at the center of the scope 
screen. 

c. Move the positioner to the inner limit and 
observe the voltage change on the scope. 
Similarly, move the positioner to the 
outer limit and observe the voltage 
change. 

d. Adjust LSA until the smaller voltage level 
obtained in step c is 3.0 V. 

e. Return the positioner to the center of 
travel and readjust LSO for V. 

f. Repeat step c above and, if necessary, 
readjust the smaller voltage level to 3.0 V. 

6.2.3 Read/Write Data Separator (G180 Card) Adjustment 

Adjustment of the data separator is not part of the normal 
maintenance and therefore is not recommended unless a 
G180 component that affects the data separator section has 
been replaced. If this occurs, set the width of the data 
window as follows: 



NOTE 
R13 is the write current adjustment potenti- 
ometer and should not be adjusted in the field. 



Set the oscilloscope controls as follows: 



7. 



• vertical 






mode 


= 


channel 1 


sensitivity 


= 


1 V/div 


trigger 


= 


channel 1 


coupling 


= 


dc 


• sweep 






A sweep 






time 


= 


100 ns/div 


trigger 


= 


normal 


• trigger 






source 


= 


internal 


coupling 


= 


ac 


slope 


= 


+ 



Connect the channel 1 scope probe to TP1 of 
the G180 card (card position 1). It should be 
possible to obtain solid scope synchronization 
at the sweep start. (Disregard the unsynchro- 
nized pulses that follow.) 

Adjust R55 fully counterclockwise and R54 
clockwise. 

Adjust R54 counterclockwise to obtain a 
500 ns pulse width as measured from the start 
of the rise to the start of the fall. 

Readjust R55 clockwise until the pulse width 
decreases to 440 ± 10 ns as measured from the 
start of the rise to the start of the fall. 



6.2.4 Read/Write Head Check and Alignment 

The following procedure describes the complete read/write 
head alignment. Before attempting this alignment pro- 
cedure, ensure that the drive operates correctly and that the 
heads have not been contaminated by exposure to a 
defective cartridge. If new heads have been installed, it is 
recommended that this alignment procedure be performed 
off-line using the RK05 Exerciser. 
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6.2.4.1 RK05K-AC Alignment Cartridge - The appro- 
priate on-line diagnostics may be used; however, DO NOT 
ADJUST A HEAD THAT HAS LESS THAN A 15% 
ERROR (Figure 6-10). 

To align or check the heads proceed as follows: 

1. Perform the RK05 Exerciser set-up procedure 
(Paragraph 2.2). 

2. Install an alignment cartridge on the spindle 
and operate the drive in the run mode for at 
least 30 minutes. This must be done to allow 
the alignment cartridge and the drive 
components to achieve thermal stabilization. 

3. Using the WR PROT switch, place the drive in 
the write protect condition. 

4. Set the oscilloscope controls as follows: 



6. 



• vertical 






mode 


= 


ADD (invert CHAN 2) 


sensitivity 


= 


20 mV/div 


coupling 


= 


dc 


• sweep 






A sweep 






time 


= 


500 jus/div 


trigger 


= 


normal 


• trigger 






source 


= 


external* 


coupling 


= 


ac 



*Usc a 1:1 probe to connect the scope external 
trigger input to A02S2 (sector). 

Connect the channel 1 probe to TP3 and the 
channel 2 probe to TP4 of the G180 card. (Use 
10: 1 probes.) 

Ensure that the positioner track scale indicates 
cylinder 00. If it does riot7 loosen and readjust 
the scale to ensure proper scale readout over 
the entire length of the head. 



7. Select cylinder 105 as follows: 

a. Set the exerciser front panel Head Select 
toggle switch to LOWER. 



b. Set the exerciser Function knob to OSC. 

c. Set the exerciser Cylinder Address-64, 32, 
8 and 1 toggle switches to 1 and all other 
Cylinder Address toggle switches to 
(cylinder address 105). 

d. Quickly set the exerciser RUN toggle 
switch to RUN and back to the down 
position, observe the linear position 
moves to cylinder 105. 

Monitor the scope display for one of the 
waveforms illustrated in Figure 6-10. 

NOTE 
If a bright horizontal line does not appear 
at the beginning of the displayed 
waveform as shown in Figures 6- 10b 
through 6-10g, adjust the scope level 
control until the line appears. The bright 
line indicates proper positioning of the 
sectors on the display [odd sectors (XI) 
on left, even sectors (X2) on the right]. 

If none of the illustrated waveforms appear, the 
head is misaligned so badly that manual 
manipulation of the positioner is required. If 
manual manipulation is required, perform the 
following steps; if not, proceed to step 10. 

a. Place switch SI (on H604) in the down or 
off position, keeping a finger on the 
carriage to dampen any positioner 
transients. 

b. Slowly move the positioner by hand until 
the alignment pattern occurs. Cylinders 
85 and 125 have identical patterns, so be 
sure that the displayed pattern is for 
cylinder 105. 

c. Observe the track scale and note the 
cylinder indication when the "right on" 
waveform (Figure 6-9) is obtained. If the 
scale indicates less than 105, the head is 
too far forward in the carriage. Con- 
versely, if the scale indicates more than 
105, the head is back too far in the 
carriage. 
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a. Large misalignment. Head at too great a track 
radius. Further misalignment reduces amplitude 
of signal on right side of screen. 



Head considerably misaligned. Smaller left 
amplitude indicates head outside of CYL 105 



error =-72% 



BRIGHT 
LINE SHOULD 
APPEAR HERE 



Head slightly misaligned. Smaller left amplitude 
indicates head outside of CYL 105. 



error = -15% 



BRIGHT LINE 
SHOULD APPEAR 
HERE 
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d. Head correctly aligned. Amplitudes are equal 



BRIGHT LINE 
SHOULD APPEAR 
HERE 



Heads slightly misaligned. Larger left amplitude 
indicates head inside of CYL 105 (toward 106). 



error = +15% 



BRIGHT LINE 
SHOULD APPEAR 
HERE 



Head considerably misaligned. Larger left 
amplitude indicates head inside of CYL 105 



error = +72% 



BRIGHT LINE 
SHOULD APPEAR 
HERE 




Head correctly aligned. Amplitudes are equal. 



BRIGHT LINE 
SHOULD APPEAR 
HERE 



e. 



Heads slightly misaligned. Larger left amplitude 
indicates head inside of CYL 105 (toward 106) 



error = +15% 



BRIGHT LINE 
SHOULD APPEAR 
HERE 



Head considerably misaligned. Larger left 
amplitude indicates head inside of CYL 105 



error = +72% 



BRIGHT LINE 
SHOULD APPEAR 
HERE 




Large misalignment. Head inside of CYL 105 
Further misalignment reduces amplitude of 
signal on left side of screen. 



BRIGHT LINE 
SHOULD APPEAR 
HERE 







NOTE 

The alignment error is denoted as a signed percentage. The percentage is derived from 
the relative amplitudes of the two signal modes (xi and x 2 ) according to the following 
expression: 



% error = xi -x 2 



X 100 



Xi +x 2 

(Approximate error in MICRO inches equals % error X 35) 

The sign denotes the direction of the alignment error. A negative sign indicates the 
head is too far from center (track less than 105). 



Figure 6-10 RK05-AC Alignment Cartridge Head 
Alignment Waveforms 
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d. Loosen the clamp and adjustment screws 
(Figure 6-11) and move the head in the 
appropriate direction until the "right on" 
waveform is obtained and the scale 
indication is slightly greater than 105. 

e. Lightly tighten the clamp screw and turn 
on the positioner power (SI up). 

f. Set the exerciser RTZ toggle switch to 
RTZ momentarily; observe the linear 
positioner moves to cylinder 0. 

g. Quickly set the exerciser RUN toggle 
switch to RUN and back to the down 
position; observe the linear positioner 
moves to cylinder 105 and stops. 

10. If one of the illustrated waveforms is present, 
note the direction in which the head must be 
moved to obtain the "right on" indication. If 
the head must be moved backward, loosen the 
head clamp and adjustment screws and gently 
push the head all the way back into the 
carriage. If the head must be moved forward, 
loosen only the clamp screw, then turn the 
adjustment screw until the correct waveform is 
obtained. (The adjustment screw is a vernier 
which only moves the head forward and should 
not be left torqued down after this adjust- 
ment.) 

NOTE 

If the positioner is moved from cylinder 
105 during the adjustment procedure, 
perform steps 9f and 9g to return it to 
cylinder 105. 

11. Set the exerciser Head Select toggle switch to 
UPPER. 

1 2. Use a torque wrench (9605893-0-0) and tighten 
the head clamp screw until the wrench begins 
to ratchet (55 oz/in.). If a torque wrench is not 
available, use the appropriate Allen wrench to 
tighten the head clamp screw snugly, however, 
do not overtighten. 

13. Recheck to ensure that the clamping action did 
not disturb the head adjustment. 



6.2.4.2 2315 CE Pack — The appropriate on-line 
diagnostics may be used for head alignment; however, DO 
NOT ADJUST A HEAD THAT HAS LESS THAN A 50% 
ERROR (Figure 6-12). 

To align or check the heads proceed as follows: 

1. Perform the RK05 Exerciser set-up procedure 
(Paragraph 2.2). 

2. Install a 2315 CE test cartridge on the spindle 
and operate the drive in the run mode for at 
least 30 minutes. This must be done to allow 
the CE cartridge and the drive components to 
achieve thermal stabilization. 

3. Using the WT PROT switch, place the drive in 
the write protect condition. 

4. Set the oscilloscope controls as follows: 



• 


vertical 








mode 


= 


ADD (invert CHAN 2) 




sensitivity 


= 


20 mV/div 




coupling 


= 


dc 


• 


sweep 
A sweep 








time 


= 


10 ms/div 




trigger 


= 


normal 


• 


trigger 








source 


= 


external* 




coupling 


= 


ac 



*Use a 1 :1 probe to connect the scope external 
trigger input to A02R2 (INDEX). 

5. Connect the channel 1 probe to TP3 and the 
channel 2 probe to TP4 of the G180 card. (Use 
10:1 probes.) 

6. Ensure that the positioner track scale indicates 
cylinder 00. If it does not, loosen and readjust 
the scale to ensure proper scale readout over 
the entire length of the head. 

7. Select cylinder 105 as follows: 

a. Set the exerciser front panel Head Select 
toggle switch to Lower. 
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LOWER HEAD ADJUSTMENT SCREW LOWER HEAD CLAMP SCREW 

\ / 




/ I \ 

TRACK SCALE UPPER HEAD ADJUSTMENT SCREW UPPER HEAD CLAMP SCREW 

Figure 6-1 1 Read/Write Head Adjustments 



b. Set the exerciser Function knob to OSC. 

c. Set the exerciser Cylinder Address-64, 32, 
8 and 1 toggle switches to 1 and all other 
Cylinder Address toggle switches to 
(cylinder address 105). 

d. Quickly set the exerciser RUN toggle 
switch to RUN and back to the down 
position; observe the linear positioner 
moves to cylinder 105. 



Place switch SI (on H604) in the down or 
off position, keeping a finger on the 
carriage to dampen any positioner tran- 
sients. 

Slowly move the positioner by hand until 
the alignment pattern occurs. Cylinder 
110 has an identical pattern, so be sure 
that the displayed pattern is for cylinder 
105. Do not use undue force on the 
positioner when manually changing track 
positions. 



Monitor the scope display for one of the 
waveforms illustrated in Figure 6-12. If none of 
the illustrated waveforms appear, the head is 
misaligned so badly that manual manipulation 
of the positioner is required. If manual 
manipulation is required, perform the following 
steps; if not, proceed to step 9. 



Observe the track scale and note the 
cylinder indication when the waveform 
shown in Figure 6-12d is obtained. If the 
scale indicates less than 105, the head is 
too far forward in the carriage. 
Conversely, if the scale shows more than 
105, the head is too far back in the 
carriage. 
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d. Loosen the clamp and adjustment screws 
(Figure 6-11) and move the head in the 
appropriate direction until the waveform 
shown in Figure 6-1 2d is obtained and 
the scale indication is slightly greater than 
105. 

e. Lightly tighten the clamp screw and turn 
on the positioner power (SI up). 

f. Set the exerciser RTZ toggle switch RTZ 
momentarily; observe the linear 
positioner moves to cylinder 0. 

g. Quickly set the exerciser RUN toggle 
switch to RUN and then back to the 
down position; observe the linear posi- 
tioner moves to cylinder 105 and stops. 

9. If one of the illustrated waveforms is present, 
note in which direction the head must be 
moved to obtain the proper indication. If it 
must be moved backward, loosen the head 
clamp and adjustment screws and gently push 
the head all the way back into the carriage; if it 
must be moved forward, loosen only the clamp 
screw, and then turn the adjustment screw until 
the correct waveform is obtained. (The 
adjustment screw is a vernier that only moves 
the head forward; it should not be left torqued 
down after this adjustment.) 

NOTE 

If the positioner is moved from cylinder 
105 during the adjustment procedure, 
perform steps 8f and 8g. 

10. Set the exerciser Head Select toggle switch to 
UPPER. 

1 1 . Using a torque wrench (9605893-0-0), if avail- 
able, tighten the head clamp screw until the 
wrench begins to ratchet (55 oz/in.). If a torque 
wrench is not available, use the appropriate 
Allen wrench to tighten the head clamp screw 
snugly; however, do not overtighten. 

12. Recheck to ensure that the clamping action did 
not disturb the head adjustment. 



6.2.5 Index/Sector Timing Adjustment 

6.2.5.1 RK05K-AC Alignment Cartridge - The procedure 
for adjusting index/sector timing using the RK05K-AC 
alignment cartridge is as follows: 

1. Perform the RK05 Exerciser set-up procedure 
(Paragraph 2.2). 

2. Install an alignment cartridge on the spindle, 
ensuring that the mating surfaces are clean and 
operate the drive in the run mode for at least 
30 minutes. This must be done to allow the 
alignment cartridge and the drive components 
to achieve thermal stabilization. 

3. Using the WR PROT switch, place the drive in 
the write protect condition. 

4. Set the oscilloscope controls as follows: 



• vertical 






mode 


= 


ADD (invert CHAN 2) 


sensitivity 


= 


0.2 V/div 


coupling 


= 


dc 


• sweep 






A sweep 






time 


= 


5 ms/div 


trigger 


= 


normal 


• trigger 






source 


= 


external* 


coupling 


= 


ac 


slope 


= 


- 



*Use a 1 : 1 probe to connect the scope external 
trigger input to A02R2 (INDEX). 

5. Connect the channel 1 probe to TP3 and the 
channel 2 probe to TP4 of the G180 card. (Use 
10:1 probes.) 

6. Momentarily set the exerciser front panel RTZ 
toggle switch to RTZ. 

7. Select cylinder 105 as follows: 

a. Set the exerciser Cylinder Address-64, 32, 
8 and 1 toggle switches to 1 and all other 
Cylinder Address toggle switches to 
(cylinder 105). 
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Large misalignment. Head close to CYL 104. 
(Further misalignment only reduces amplitude of 
peaks.) 





d. Head correctly aligned at CYL 105. Null 
amplitudes are equal. 



*NULLS EQUAI 
WITHIN 20% 




Head considerably misaligned. Smaller left null 
indicates head position less than CYL 105. 

error = -60% 




Head slightly misaligned. Larger left null 
indicates head position more than CYL 105. 

error = +26% 




c. Head slightly misaligned. Smaller left null 
indicates head position less than CYL 105. 

error = -33% 




Head considerably misaligned. Larger left 
null indicates head position more than 
CYL 105. 

error = +71% 
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d. Head correctly aligned at CYL 105. Null 
amplitudes are equal. 




*NULLS EQUAL 
WITHIN 20% 




Head slightly misaligned. Larger left null 
indicates head position more than CYL 105. 

error = +26% 




Head considerably misaligned. Larger left 
null indicates head position more than 
CYL 105. 

error = +71% 




Large misalignment. Head close to CYL 106. 
(Further misalignment only reduces amplitude 
of peak.) 




NOTE 

To calculate % of error, use the following expression: 



% error = Xi - x 2 

Xi +x 2 



X 100 



x = null amplitudes and the resultant sign denotes the 
direction of error. A negative (-) sign indicates that 
the head is too far from center (track less than 1 05). 



Figure 6-12 231 5 CE Pack Head Alignment Waveforms 
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b. Set the exerciser Function knob to OSC. 

c. Quickly set the exerciser RUN toggle 
switch to RUN and back to the down 
position; observe the linear positioner 
moves to cylinder 105 and stops. 

8. Observe a single timing pulse followed by data 
which lags the timing pulse by 10 /us (the timing 
pulse may be either positive or negative going). 

9. Expand the scope sweep time to 10 jus/div and 
check that the single pulse occurs 70 ±10 jus 
from the start of the sweep (Figure 6-13). 

10. Set exerciser Head Select toggle switch to 
UPPER; observe the same pulse tolerances as in 
step 9, above. If necessary, adjust R6 on the 
M7700 card (card position 2) until the average 
time for the two pulses is 70 jus and the 
70 ± 10 jus individual pulse requirement is 
maintained. If these requirements cannot be 
* achieved, perform either of the following 

corrective actions: 

a. If the time difference of the two timing 
pulses exceeds 20 jus, replace one of the 
heads to reduce the difference. Once the 
difference is within tolerable limits, 
readjust R6 to achieve an average 
70 jus between the peaks. 

b. If the average of the peaks cannot be 
adjusted to 70 jus, relocate the sector 
transducer to the right (if the average is 
too high) or to the left (if the average is 
too low). Readjust R6 to achieve 70 jus 
between peaks. 

6.2.5.2 2315 CE Pack — The procedure for adjusting 
index/sector timing using the 2315 CE pack is as follows: 

1. Perform the RK05 Exerciser set-up procedure 
(Paragraph 2.2). 

2. Install a 2315 CE test cartridge on the spindle 
and operate the drive in the run mode for at 
least 30 minutes. This must be done to allow 
the CE cartridge and the drive components to 
achieve thermal stabilization. 

3. Using the WR PROT switch, place the drive in 
the write protect condition. 

4. Set the oscilloscope controls as follows: 



• vertical 






mode 


= 


ADD (invert CHAN 2) 


sensitivity 


= 


0.2 V/div 


coupling 


= 


dc 


• sweep 






A sweep 






time 


= 


10 ms/div 


trigger 


= 


normal 


• trigger 






source 


= 


external* 


coupling 


= 


ac 


slope 


= 


- 



*Use a 1:1 probe to connect the scope external 
trigger input to A02R2 (INDEX). 

5. Connect the channel 1 probe to TP3 and the 
channel 2 probe to TP4 of the G180 card. (Use 
10:1 probes.) 

6. Set the exerciser front panel RTZ toggle switch 
to RTZ; observe the linear positioner moves to 
cylinder and stops. 

7. Select cylinder 100 as follows: 

a. Set the exerciser Cylinder Address-64, 32, 
and 4 toggle switches to 1 and all other 
Cylinder Address toggle switches to 
(Cylinder Address 100). 

b. Set the exerciser Function knob to OSC. 

c. Quickly set the exerciser RUN toggle 
switch to RUN and back to the down 
position; observe the linear positioner 
moves to cylinder 100 and stops. 

8. Monitor the scope for a single pulse followed 
by a 1 ms burst of data. 

9. Expand the sweep time to 10 jus/div and check 
that the single pulse occurs 70 ± 1 jus from the 
start of the sweep (Figure 6-1 3) (this pulse may 
be either positive or negative going). 

10. Set the exerciser Head Select toggle switch to 
UPPER; observe scope for same pulse 
tolerances as step 10. If necessary, adjust R6 on 
the M7700 card (card position 2) until the 
average time for the two pulses is 70 jus and the 
70 ±10 jus individual pulse requirements is 
maintained. 
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PIN = TP3&TP4 

SWEEP = 10Ms/div 

VERT SENS = 2V/div 



Figure 6-13 Index/Sector Waveform 



6.2.6 Cartridge Receiver Alignment 

Prior to shipment of the RK05 Disk Drive, the cartridge 
receiver is precisely aligned at the factory. Since it is not 
necessary to disturb the receiver alignment when per- 
forming any of the field maintenance procedures, cartridge 
receiver alignment is therefore not normally required in the 
field. However, if the duckbill, air duct, or cartridge support 
post are replaced, the cartridge receiver alignment must be 
checked. In addition, the Cartridge-On switch should also 
be checked for proper operation. 

NOTE 
The duckbill on later model drives is slightly 
different than the earlier models. If an earlier 
version duckbill is replaced with the later 
version, the airduct and cartridge support posts 
must also be replaced. Refer to the RK05 
Illustrated Parts Manual (DEC-RK05-IPB-1) to 
identify which duckbill version is being 
replaced. 

1 . Slide the drive out of the rack and remove the 
top and bottom covers. 

2. Insert a cartridge into the receiver and close the 
drive front door. 

3. Check for a .020 to .040 in. clearance (A) 
between the plastic cartridge case and the 
receiver rails (Figure 6-14). Make this measure- 
ment towards the rear of the receiver at a point 
where the plastic cartridge case passes over the 
intersecting receiver rails. 



If the (A) clearance is incorrect, loosen the 
pivot post lock nuts and adjust the height of 
both posts to obtain the proper clearance. Hold 
the pivot post at (x) with an adjustable wrench 
while loosening and tightening the lock nuts 

(y). 

Lightly tighten the pivot post lock nuts and 
check the following (Figure 6-15): 



a. Remove the cartridge and ensure that the 
clearances (B) between the upper receiver 
rails and the cartridge channel are equal, 
and that the receiver rails are as parallel as 
possible to the channel. 

b. Push the receiver all the way to one side 
and ensure that there is a slight clearance 
(C) of .010 to .040 in. between the pivot 
post and the receiver hinge rail. When 
making this check, do not push the 
receiver so hard that the pivot posts twist. 

c. Push the receiver to the left and right and 
ensure that the front receiver rail does 
not touch either side of the chassis. 

Tighten the pivot post lock nuts and recheck all 
clearances. There must be a clearance at points 
A, B, and C; however, it is especially critical 
that clearances A and C do not exceed the 
limits indicated in Figures 6-14 and 6-15. 
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Figure 6-14 Cartridge to Receiver Clearance 



CARTRIDGE RECEIVER PUSHED 
ALL THE WAY TO ONE SIDE 
C = .010 TO .040- 



CHASSIS I 

./////////////// / /k //// / / 

t — CLEARANCE 




CHASSIS 



Figure 6-15 Cartridge Receiver Clearances 
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Check for the following points of contact 
between the cartridge and the cartridge 
receiver, which indicate that the cartridge is 
properly seated: 

a. Two thin rails (These should either touch 
evenly or be parallel along the full length 
of the cartridge.) 

b. Two cartridge posts 

c. Access door opener bail 

d. Spring at top center of cartridge 

e. Duckbill (lower slot) 

f . Airduct bridge 



g. Airduct foam seal. 

Check for the following points of clearance 
between the cartridge and the cartridge 
receiver, which indicate that the cartridge is 
properly seated: 

a. Two fat rails on top of the cartridge 

b. Four crosspoints on the underside of the 
cartridge 

c. The pivot posts and receiver hinge bail. 

The position of the pivot posts determines how 
the top rails ride on the cartridge and also 
determines the bottom clearance of the four 
crosspoints and the underside of the carriage. 
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APPENDIX A 
IC SCHEMATICS 



The RK05 Exerciser employs several types of integrated 
circuit (IC) chips in its design. This appendix provides 
detailed schematics, packaging diagrams and truth tables on 
several of the more complex ICs as a maintenance aid to the 
service technician. 

The following ICs are covered in this appendix: 

7442 4-LINE-TO -10 LINE DECODERS 
7474 DUAL D-TYPE EDGE TRIGGERED 

FLIP-FLOPS 
74 1 23 MONOSTABLE MULTIVIBRATOR 
74 1 93 SYNCHRONOUS 4-BIT UP/DOWN 

COUNTER (DUAL CLOCK WITH CLEAR) 



,J= 4> 



4>a, 



,£!{> 



4> 



03) rs. 

CNPUT C 0——\ ^O- 



4>- 



»^> 



Vcc' PIN 16 
GNO=PIN 8 



-> 



.-J* 



_£_ 



\_ (6) 



A. 1 7442 4-LINE-TO-l 0-LINE DECODERS 
TRUTH TABLE 

Octal Output 



D 








1 
1 
1 



BCD Input 



A 



1 



1 



1 



1 



1 





23456789 



r J^u^AAAAAA- , 



01 23456789 




Figure A-l 7442 Package and Logic Diagrams 
A-l 



A.2 7474 DUAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS 
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I 




c 






6 






7 





1 

CLEAR 



1D 



1 1 

CLOCK PRESET 



1Q 



1Q 



GND 



POSITIVE LOGIC: LOW INPUT TO PRESET SETS Q TO LOGICAL 1 
LOW INPUT TO CLEAR SETS Q TO LOGICAL 
PRESET AND CLEAR ARE INDEPENDENT OF CLOCK 



Truth Table (Each Flip-Flop) 



t. 



^+1 



Input 
D 



Output 
Q 



Output 
Q 



Notes: 1 . t n = bit time before clock pulse. 
2. t + i = bit time after clock pulse. 
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A.3 74123 MONOSTABLE MULTIVIBRATOR 




1 1Q 

CLEAR 



2R ext/ GND 



'ext 



FUNCTIONAL LOGIC/PIN LOCATOR 



TRUTH 


TABLE 


INPUTS 


OUTPUTS 


A B 


Q Q 


H X 


L H 


X L 


L H 


L t 


_n_ -i_r 


1 H 


-TL "IT 



NOTE H = high level (sleody slate), L= low level (steady state), 
t - transition from low to high level, I- transition from 
high to low level, _TL= one high-level pulse, "LP = one 
low- level pulse, X= irrelevant (any input, including transitions) 

Figure A-2 DEC 74123 IC Illustrations 
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Figure A-3 DEC 74123 IC Output Pulse Width vs. External Timing Capacitance 
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A.4 74193 SYNCHRONOUS 4-BIT UP/DOWN COUNTER 
(DUAL CLOCK WITH CLEAR) 



J OR N DUAL-IN-LINE PACKAGE (TOP VIEW) 



INPUTS 
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Figure A-4 74193 Logic Diagram 
A-5 



APPENDIX B 
ENGINEERING DRAWING SET 



B-l 



1 



1 



R/W POSITIONER 

TESTER 
D-UA-RK05-TA-0 



CHASSIS RK05 
POSITIONER 
D-IA-9605720-0-0 



I 



WIRED ASSY 
C-AD-7009661-0-0 



DO 



TITLE 

R/W POSITIONER TESTER 



SHEET 2 



NUMER 

RK05-TA 



CO 
u> 



d. ■ I EOU IPM ENT 

I Q I I 3 I CORPORATION 



DRAWING DIRECTORY 



THIS WAVING AND SPECIFICATIONS, HEREM. ARE THE PROPERTY OF DIGITAL EQUIPMENT CORPORATION AND SHALL 
NOT K REPRODUCED OR COPIED OR USED IN UHOLE OR IN PART AS THE 8ASIS FOR THE HANUFACTURE OR SALE OF 
ITEMS WITHOUT NRITTEN PERMISSION. COPYRIGHT © (973 > OISITAL EQUIPMENT CORPORATION" 



CUSTOMER PRINT SET INDEX 

SEQUENCE 

ir -ir 

DRAWING DIRECTORY B-DD-RK05-TA 

R/W POSITIONER TESTER D-UA-RK05-TA-.0 

CABLE POWER D-IA-9606O36-O-0 

DECK PACK TEST POSITIONER/WRITER C-CS-RK05-TA-1 

TIMING DIAGRAM D-TD-RK05-TA-2 

RK05 EXERCISER OPERATORS GUIDE A-SP-RK05-TA-3 

WIRED ASSY C-AD-7009661-0-0 



ir 





THIS IS PRINT SET 1 1 1 1 T 


UNIT VARIATIONS 


PRINT SET 


< 
Eh 
1 

IS 
IX 








VAR 


TITLE 


RK05-TA 


R/W POSTTTONER TFKTFR 


£ 





























































































































































































































































































































































































USED ON OPTION/MODEL 



RK05-TA" 



SHEET 1 OF 3 



J.DEVIN 

mm... 



DATE 

10/31/ 



DATE 

TO/31/ 



DATE 
DATE 



R/W POSITIONER TESTER 



OODE 
DD 



NUMBER 

RK05-TA 



CO 



CUSTOMER 
PRINT SET 


5 

6 

> 


ELECTRICAL 


CUSTOMER 
PRINT SET 


5 

i 


MECHANICAL 


5 

o 

z 


DRAWING NO. 


*EV 


NO 
OF 
SHT 


DESCRIPTION 


OPTON 

NO./FLE 

DATE 


i 
1 


DRAWING. NO. 


REV 


NO 
OF 
SHT 


OPTON 
HO./FLE 

DESCRIPTION °* TE 








1 








1 

i 








X 




T 


d-Ua-rK0S-Ta-JJ 




2 


r/h postttonkr tester 










X 




1 


D-UA-RK05-TA-0 




2 


R/W POSITIONER TESTER 










X 






C-CS-RK05-TA-1 




1 


DEC PACK TESTER POSITIONER/WR 


ITER 








X 






D-IA-9606036-0-0 




1 


CABLE, POWER 










X 






D-TD-RK05-TA-2 




1 


TIMING DIAGRAM 
















D-IA-9605719-0-0 




1 


FRONT, PANEL 




















n 


EXERCISER OPERATORS GUIDE 
















C-BS-96O5719-0-1 




1 


SILK SCREEN 
















































































_2 


n-TA-9605720-0-0 




? 


CHASSIS RK05 POSITIONER 






































C-MD-9605730-0-0 




1 


FRAME CASTING REWORK 










X 




3 


C-AD-7009661-0-0 




l 


WIRED ASSY 






















































X 




3 


C-AD-7009661-0-0 




1 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CUSTOMER 

PRUT SET 

COOES 


X = PRKT OF DOCUMENT INCLUDED W PRUT SET 
C = INCLUDES ALL PRUTS KWCATED ON DOCUMENT 
S = CONFIDENTIAL AUTHORIZED SIGNATURE REOURED 


TITLE 

R/W POSITIONER TESTER 


3 3 
SHEET OP 


SIZE 

B 


CODE 
DD 


NUMtER 

RK05-TA 


REV 



DRB .108 

OCC 1C(32S)-1 




B-5 



C6- 






vu-^r cq&? 



W/RE TyQELE 



ITEM 
NO 



25 



24 



24 



25 



Z£ 



DESCRIPTION 



COLOR AWG 



YEL 



BLK 



yel 



VEL 



*22 



F7ROP7 



CONN 



S/-7VC 



S2-/VC 



53-NC 



S4-NC 



55- NC 



Si>-MC 



57- A/ C 



S8-A/C 



S9-A/C 



SI0-NC 



59- C 



5H- NO 



Sll-C 



S/2-C 



513- C 



S/f-C 



515- NC 



S/5-C 



516-NO 



SI7-NC 



Si 7- NO 



S/8- c 



uo-nc 



SI9-N0 



S20- / 



;?■/• 



S20- 4 



^/-/ 



set- a 



' i/-3 



?<?/--? 



52/- C 



S22-/ 



s^^-^ 



522- 3 



'•22- 4 



122- S 



I7/ITH 



solver 



"OLDER 



ro 



CONN 



793 L/ 



/)3A?/ 



7I3N/ 



A3P/ 



A3R/ 



7)3S/ 



A3V/ 



A3V/ 



B4172 



B4 FE 



B4E/ 



B4P2 



B4C1 



fil D/ 



A1C1 



A1B/ 



A<?A/ 



A3AI 



SI&-NC 



A3B/ 



A3E/ 



A3D/ 



B/rta 



B<?A/ 



B4B1 



7)27/2 



B3F2 



A2R2 



/use 



A/xa 



77/12 



A/M2 



GNJD 



GND 



/WR/ 



/)<7<r/ 



/)<?*/ 



#41/ 



WITH 



SOLDS/S. 



SOLDER 



REMARKS 



W//PE TABLE 



ITEM 
NO 



2S 



2£ 



24 



25 



25 



<?5 



24 



Z4 



II 



/2 



24 



24- 



DESCRIPTION 



CO I OP 



ypiL 



yEL 



BLK 



yEL 



y£TL 



BLK 



BLK. 



RED 



17VHT 



BLU 



BLK 



BLK 



AWG 



*?Z 



re-/? 



T3-/7 



T2-& 



'22 



RRONI 



CONN 



S^2-G 



SZ2-7 



S22-S 



522-9 



522-0 



5a?-// 



S22-C 



J/-/? 



72/ -2 



X/- B 



S/-C 



S2-C 



53-C 



S9-C 



SS-C 



S&-C 



S7-C 



>3-C 



S9-N0 



S/0-NO 



S//-NO 



S/2-NO 



SI3-N0 



SI4-NC 



313 -NC 



s/a -nc 



S 14- NC 



5/9- C 



S//-C 



SEO-C 



B4C/ 



A4792 



A4C2 



A)9B2 



S2I-C 



522-/ 



V/lTH 



SOLPER A<?N/ 



T3-& 



T2-B 



T3-& 



SOlDEk 



TO 



CONN 



/?4P>t 



//97?/ 



A4Si 



ATL7/ 



/)4I7/ 



&<?£>/ 



S3 772 



&3£-2 



38 -C 



S2-C 



S3-C 



sq-c 



SS-C 



S6-C 



S7-C 



SS-C 



S3-NO 



S/0-NO 



'//-NC 



SI 2- NO 



5/3-/J0 



SN-NO 



SI3-NC 



S/2-NC 



SII-NC 



S/9-C 



S/S-NO 



S/6-C 



52/- C 



GND 



B<?£2 



B4 CZ 



B9B2 



S22-/ 



G~7y£> 



SOL70ER 



SOLDER 



REMARKS 



<p-v±-g0:nu|vn|a|2 

hishrn laoD im 





EXTERNAL COMPONENT LIST 




I TEN NO. 


DESCRIPTION 


P£>L 


EROM 


177 /TH 


PJl 


TO 


M7/Tj~ 


PR MAR* s 


2 


D/ODE 


+ 


520- f 


ITEM'S. 


— 


SZO-4 


TTEy)-".? 





24 


BLK 


*22 


J/-/ 


I7FN'/9 


3 NO 


SdlDER 




/2 


BLU 


*22 


J- 7-4 


a 


794B2 


SOLDER 




25 


yEL 


•^22 


2T/-3 






J-/-B 


S07£>£R 




/ 


RED 


* 2Z 


<r/--a 




' 


A4A2 


SOLEXER 




2& 


ORN 


* 22 


CT/-3 


T1EM"I9 


A4D2 


SOLDER 





C/4 S/3 S/Z SI I SI0 S3 



o] [o] fo] [51 |ol 
o o o p p 
oj [oj [o| |oJ joj 



?i 




St 


93 S2 


SI 


o 




o 




o 




o 




o 


o 









o 












o 









o 









o 



S19 


SI 8 s22 








z^V/v 




//\t> 





o oC 

OflO 

NC 



SI7 SI6 SIS 



S20 



REAR I//EW 







B-7 



COP/RIGHT© 1973 DIGITAL 
EQUIPMENT CORPORATION 



LEGEND 



A/UMBER 



36O6O36-06 



D/S-7 X Y/IPIATION 



6 EEETtZIN 



DIM y"(PPEOJT)PEF 



6 FEET 3 IN. 



0-0-9209096 VI a 2 



W//PE TABLE 



ITEM 
NO, 



/o 



/3 



/z 



DESCRIPTION 



COIOR 



OPN 



BLU 



RED 



BIK 



VIO 



YEL 



OPN 



PYVG 



¥ /S 



■/a 



¥ /8 



r /a 



"22 



'E2 



r ze 



FROM 



COA/N 



P>2-/ 



re-s 



P2-S 



p>e-<? 



Pe-s 



pe-7 



P2-G 



If/lTP 



JTEW4 



ifeirf 



TO 



CONN 



P/-3 



c/Y-/ 



P/-4 



J~/-2 



P/-2 



J/- 3 



P/-/ 



JI-4 



J I- 5 



J-/ -7 



Jt-6 



WITH 



/TEN *4 



ITEM'S 



/YEM* 4 



I TEN* 6 



IT EM* 4 



ITEM'S 



/7EM*<) 



/TEA7*£ 



ITEM "5 



/7EM*5 



/TEN'S 



/eEA7/?/2KS 



notes: 

/ /ILL WIRES GOING P/POA? Pc-u/ TO BE 
2.75 NV. LONG ± .25 //V. 



LOC/ITING PIN 
f?EF 




/?r/)R. v/i:w(pevolved 

SCALE : NONE 



SEE NOTE * /- 




\\\\\\\ 




, I//EW C~C 

PP/IR l/IEW (REVOLVED 30°) 
SC/91ES AIO/VE 



I//EW IB- IB , 

REpR VIEW/REVOLVED 90°) 

some: none 



FIRM U';E DON OPTION/MODEL 



RK05-TA 



UNU 1.3 OTHERWISE SPECIFIED 

' I'IMCNSION IN INCHES. 

TOLERANCES 



/9/£ WIPE, *22 PH/G JT.PI/.C. (l//0) 9/0 7350- 77 /3 



P/P 



P/P 



/)/P 



/l/P 



/?/P 



P/p 



fi/P 



// 



WIPE, #22 /)WG T.P. y.C.fc/BA, 



WIPE/23 PiVOJlRI/.C. (YEL) 



WIPE, */8 8Y/G Z.Rl/.C . (PI l() 



MPE.*/8/?W6 2:py.C. (a EN) 



W/RE'/S fiWG T.Rl/.C. (311/) 



W/Pf,-*/8 /)W6 T.P./.C. (PfO) 



Y/PAP- SP/PPL . 25 IN 



PIN, N8TE- M- 10C/C (r~EN/)L E) 



P//V, M/)7E- N-iOCK (to A IE) 



P<3 l/SING, A7/ITE- N-i CK 



POI/S//V6, MATE- N-LOCK 



PO//S/MG, tf/lTE-N-LJCK 



DESCRIPTION 



3/C7i5"0- S~5 



S/O~'in0-<?<1 



9147360-00 



3/07/&0- ,?3 



3/6"?60-6 6 



? /a Si/)- 22 



3/072*70 



/SO 937? 0/ 



/20 92 73- J I 



/T/O^Z-TO-03 



/203~<r/-!?3 



/P095-T/-04 



/2 



1/ 



10 




2030050 



EQUIPMENT 
I CORPORATION 



CABLE, POWER 
(RK05-TA) 



CODE 

IA 



NUMBER 

96.06036-0-0 



*™- I I I I I l l l I l 



B-9 



I -VI- 90Mb so a 2 



NG AND SPECIFlCATIO 












i RETHODUCED OR COPIE 


) or use: 




S THE BASIS FOR THE M 


>.NUFACTU 


kE OR SALE 



Co'vTgmt^ 



DIGITAL EQUIPMENT CORPORATION" 



s<v-pa 




B4--E\ 



CONSTANT \C 
WRITE 



BA--V2. 



a^-nu a3-n\ 



A^-Sl A3-UI 




BA--F2 



S\5 



A3-A\ 



S\G> 




B5-F2. 



S2<Z> 



OSC 
03 



ALT z. 

O 

STEP n 0664- f^ R^UD 



A3- HE 



A3 -RE 



FUNCTIOM 







ADDR 
INV. 



(51 S3? 



A<2> I - 2. 



DRIVE 
SELECTOR 



POWER 




A01-M2 



511 C. 

•r '/ 

KiCrf o N0 -J 



SI2 



'/ 



SI3 
MO 



' T Til' 



B4--CI 



DATA. SITS 

REND 

5ELECT 

sis 



LOWER 

MC 



MO 
UPPER 



MC 



WRITE 

(pushbutton; 

,C 

S\3 
?NO 

I B4- - B \ 

B4--AV 



SE2 




A4--R\ 



A4--SV 



SECTOR 

SELECTOR 



I HIST USED ON OPTION/MODEL 



RK05-TA 



TOLERANCES 



( MOVE BURRS AND BREAK SHARP 
CORNERS SURFACE QUALITY V* 



DESCRIPTION 



DRN. ,sj 



£V?-y.:,tu. 



rftOt&ii^ 



ENQoy^ 



'RP..U 



DATE 



NEXT HIGHER ASSY. 



SCALE / / 

SHEET 1 OF \ 



d 


i 


g 


i 


t 


a 


1 



EQUIPMENT 
CORPORATION 



dec pack test 
positioner/writer 



CODE 

cs 



NUMBER 

RK05-TA-I 
I I I 1 I 



B-ll 



I AND SPECIFICATIONS. HEREIN. ARE THE 
DIGITAL EQUIPMENT CORPORATION AND 
:EPRODUCED OR COPIED OR USED IN WHOLE 
r AS THE BASIS FOR THE MANUFACTURE OR SALE 



r<^;r 



r CORPORATION" 



Z-\/l-S0>\tt 



cua 



50NS/ QIV 



dlpplssi^n or 
s.R] Tf button 



rjP£- INDEX PULCE 
AfTEP 5 IV DEPRESS 



(*NO T CO//Z TAN T W T) 
S/rTOR SEI EC TED 
BUZ WRITE- GATE L. 



I L 

?.L 
■?// 
4 L 
4 // 



L 
E/$,'L) 



~l 



Ell, 12 
B4- t HI 
Ell ,9 
EII.S 
04, D I 
£9,13 
£8,4 
Ee.iz 
es.b 

f2,8 
£2,9 
£2,b> 
EZ.S\ 



ONE SECTOR WRITE , BITS <2> - 3 



" | 2 fg NS f [_ 



j~~l 



j~i 



i__r 



i_r 



jT~L 



r~r 



\t-OATA BITS 0,4,&, IZ* ENABLED 



\ 



DA TA BITS I, Sj 9 , 13 * EA/JBL ED 



\ 



DATA BITS a, U, 10, If* ENABLED 



\ 



r~ i 



DATA BITS 5, 7, II, 15* ENABLED — >| 



X POP II ONLY 









-^r 



■*r 



WHITE SEQUENCE 
*L WHITE BUTTON 15 DEPRESSED 
H- WRITE LATCH CLEARED 

# FIRST INDEX AFTER DEPRESSION 
SETS ENABLES WRITE SITE FL.OP 

# WHITE GATE FLOP IS SET 

# SECTOR IS SELECTED AND .-US K HI TE 
GATE IS ASSERTED 

4 DATA BITS ARE ENABLED AND WRITTEN 

& IF WRITE BUTTON RELEASED, N£>7 
INDEK PULSE CLEARS IV-7ITE GATE 
FLOP WFlCR DISABLE: 5 YJRITE JfiTE 
TERMINATING WRITE 



2 iO 
XL 

-r 
5Q 



FIRST USED ON OPTION/MODEL 

RK05-TA 



DESCRIPTION 



TOLERANCES 



fc^ 



lltMOVE BURRS AND BREAK SHARP 
CORNERS SURFACE QUALITY i 



fku&jl fjrr*f 



hi;$42iL£u~- 



Bi 



d 


i 


g 


i 


t 


a 


1 



EQUIPMENT 
CORPORATION 



z/"/T4 



NEXT HIGHER ASSY. 



TIMING DIAGKAI/i 
RK^D-TA 



B-DD-RK,05-TA 



±L 



TD 



NUMBER 

RK0S-TA-J 



SHEET | OF | 



B-13 



NG AND SPECIFICATIONS. HEREIN. ARE THE 
= DIGITAL EQUIPMENT CORPORATION AND 
E REPRODUCED OR COPIED OR USED IN WHOLE 
S THE BASIS FOR THE MANUFACTURE OR SALE 

[)i9l3 . DIGITAL EQUIPMENT CORPORATION" 



0! 0Z 03 64 




NOTES 

(.CONNECTIONS ON VTE.VA HUNAB.E.W. 2 
TO "es-E. \-OCPnTC ftNU •SOUDE.REb 
at r^m\r^ur^ T=p.Pie~r\c.A\_ v\e\sht 
ABOVE BLOCKS. 
Z. CONNECTOR. B.L.OCK. To BE. GROUNDED 

TO GROUND LU& IV=> "SWOVs/^ . 
3. yUMPEK GT5LOUN& "&US5\**G A-S 

S.UOVON , 4- PUPiC.ES. 
A-. USE VELLOW WIRE. (.n"ENV*,3) FOR 
MACHINE WRKPPEt) AND B.LUE WIRE 
(ITET^^) FOR: HftNT> SWRAPPEf 



#ps ty/&£*3a/?jyaj-&/c(8iJ) 9/05740 -&&> o- 



/vt= 



PV/^£~ "30JM6 JWC C/£4) 



/f/e s^/ss w/&£ 



9*05740-4-4 



9f07S<£>0-Ot 



FIRST USEO ON OPTION/MODEL 



RK05-TA 



TOLERANCES 



-*f- 



-&- 



/ PM, StOCK ?88 



f^osso-a 



1<X> 

en 
o 

o 






DESCRIPTION 



e $m 



! M^ 



mm. 



DATE 



DAT 

i'h/7i 



DATE 



w/fv 



NEXT HIGHER ASSY. 



D-UA-RK05-TA-0 



3ZI 



d 


i 


g 


t 


a 


1 



EQUIPMENT 
CORPORATION 



WIRED 

ASSEMBLY 

(RK05-TA) 



CODE 

AD 



NUMBER 

7009661-0-0 



°'ST.| 'I I I I I I I I I 

1 



B-14 






.JAl 1..T' PM-Vk'T CORMPAllOt; 



NOTES: 



UMLESS othe£wis.e *=>pecifie^ : 

1. RESt^TAUCE t*i IM OHMS,, 1/4- W. 

2. SWITCHES CSHO^W VJ(TH\tO DASHED UIOES) 
ARE MOUUTED OVO EXERCISER. BO/.. 



5 RE-F 



£3 REF 




+ cia 









1 c 
ce>| 


RS 




:^ 


3. 


\L 1 

, ea | 



C2. 



ca 



CI 



C3 



Ed. 



E3> 



I5\Z R14- 



R» I 



CT 



Cfc 



E~7 



|, E£> 



_51 _KM3 _Rl5 +_C1^_ 
-££ cq - 



1 



A 



ER 



CKb 



- RS 
•RG 
-Rl 
-RB 

•Rq 



EH 



E\d5 



R4- 



REF 



B 



REF 



AAZ ; BAZ. 



74jZ>4 



7<42 



Id .7.^ 



16 



\<b 



GND AND SV ARE USUALLY PIN 7 AND 14 
RESPECTIVELY EXCEPTIONS ARE STATED ABOVE 



IC PIN LOCATIONS 

8 



ACZ,AT\ 
BC 2., BT \ 



.o\uf .o\uf 



+ 
ci<v 



■S"V 



+ 

" 6.8W 



T 



FIRST USED ON OPTION MODEL 



^ 



-$-20S9B3|a 



-El^BS_ 



K2 



R 3.R4.R7 THRU R11 



M2.R13 



(7, E10 



£2 .E5. Et 1 



CI4.C15 



REF DESIGNATION 



ETCH BOAUD REV 



AT 



RES 1QK POT. 3/4 W 10* 76PR 



RES 750 1/4 W 5% 



RES 56K 1/4 W 10* 



RES 5.6K 1/4 * 10% 



RES IK 1/4 W 5% 



RES 330 1/4 W 10% 



CAP 6.8Uf 35V 20* S.TANT 



CAP 27Pf 100V 5» DM 



CAP .Oigf 50V 20% C£ >~a, 



CAP. 47PF 100V 5% D.M. 



EYELET 



HANDLE, FLIP-CHIP, GREEK) 



MODULE ECO HISTORY 



ASSY/DRILL ING HOLE LAYOUT _ 
X-Y COORDINATE HOLE LOCATION 



ETCHED CIRCUIT BOARD 



DESCRIPTION 



1309143-10-d 



130140I-<Z> -es 



1300523-0-0 



1300457 -<2< -«* 



1300365-0-0 



1300293 -0-0 
J9\ 0436 -0- 0_ 

J_ 9 !P.°. , '?v^j:^.. 

1309705-0-0 



1909686-0-0 



1905577-0- 



J?O5576_-0- 0„ 
JiP.5575r.^.-.tL 
1405547-0-0 



1000067-0-^ 
1001739-0- J 



JQOl61_O_-0.-_^- 

.joo.gojir.:-?.-^. 

9006732-0-0 
9OO3337M-0__ 
B-MH-G502-0-6 



3-AH-G502-0-5 



K-C0-G502-0-4 
5010087 



S* 



© 

it/7 
3U 



jo_|e 

9 



.!_ 
6 
5 
4 
3 
2 
1 



ITEM 
NO. 



PARTS LIST 



SEMICONDUCTOR CONVERSION CHART 




QDSDDSD 



EQUIPMENT 
CORPORATION 



DEC PACK 
WRITER EXERCISER 



SIZE CODE NUMBER REV. 

DCSG502-0-I 



i i i i i i i n 
i 



B-15 




DEC FORM NO 
DRD 102-B 



8-17 



I-0-2099ISCH2 



o>e-iT/*L EQoirrte/ur 

CoPPOMTlOfJ 



NOTES: 



\. UULE^S OTHERWISE SPECIFIED*. 
RESISTAMCE IS, 1U OHMS, 'A- W 5 % 
CAPACITAMCE KlUUF^OV 



E> REF 




IKEP 



(oZ.&= 



4 
3 
2 




5 
& 



?2 



C27 /6 



121^ R13 
C2 ~ TT b C30 14- 



C22 



E^, 



R\0. R3 



C28' eie 



77" b C30ii ci ~~~ 

H riTiao/i pir-i i +_^ r 

R3_ h l ' U i l ' + C24- 



cs c?q -Jq- g ca/j cs 

EG | | | _gA£> | E.S I I [ EA I I 



cq, 



© 



EIO 



E.q 



CSft 



E8 



CT /£ , CG 



E7 



CZt. 



.R"7 
.RG 

RZ7 

.R8 

R\6 

. RW 

rzo 

. e-zi 

Rd. 



R23. 



: O^/f- CI28 CM i± CiO • +- C2S 

Eld | | I EI3 | | | E.I2 | | | El I | I 



/f CO/f gc bfl cis e cia 

/ * / / 

8 C3IC2I8 C?Og ClRs C18 

| [E2l| J |-€ZO| | |E)q | | 



.R74- 
575 

RS 



5.R 
REF 



E22 



e.aa 

PEF 




7 5asi 



7 2 74- 



741 q^ 



1 a \1^ 



IC TYPE 



\<b 



GND AND 5V ARE USUALLY PIN 7 AND 14 
RESPECTIVELY EXCEPTIONS ARE STATED ABOVE 



IC PIN LOCATIONS 

8 



FIRST USED ON OPTION MODEL 



RK&S 



C30.3/ 



R1.R4 THRU R8.R11, 
R13.RI3 THRU R27 



E5.EI5.E1G.E19. 

E20.E21 ,E22 



E9.E13 



E4.E7.E8.E11, 
E12.EI7 



C27.C28 



C22 THRU C25 



REF DESIGNATION 



ETCH BOARD REV 



H 



CAP. /OOOPF2 50V -20% 



TRANSISTOR MU4894 



RES 1M 1/4 W 58 



RES 22K 1/4 * 58 



RES 470K 1/4 W 58 



RES 100K 1,4 W 58 



RES 10K 1/4 W 58 



RES. IK 1/4 W 58 



RES 330 1/4 * 58 



RES 120 1/4 W 5» 



RES 68 1/4 * 5% 



IC DEC 741 



IC DEC 74123 



DIODE IN 746A 



CAP 100P/ 100V 58 



CAF 470P.P 100V 58 



CAP 6.8g; 35V 208 



CAP .0ILSJ 50V 208 



CAP .033U* 100V. 108 



EYELET, #GS-4-7,STIMPS0f1 



HANDLE, FLIP-CHIP, GREEN 



MODULE ECO HISTORY 



ASSY/DRILLING HOLE LAYOUT 



X-Y COORDINATE HOLE LOCATION 



ETCHED CIRCUIT BOARD 



DESCRIPTION 



_!510422_ 
"1309595" 



1302466 
T300479"" 



1300365 



1300295 
13 00247 
1300219 



1910406 



19J00J8 
1910436 



1905547 
1905577 



19Q9686 



J °^1*H 
1000024 



B-MH-G503-0-6 



D -AH-G503-0-5 
K-C0-G503-0-4 



ITEM 
NO. 



PARTS LIST 



SEMICONDUCTOR CONVERSION CHART 




I I I I I I I 



SUDDEN 



[EQUIPMENT 
CORPORATION 



DECPACK POSITIONER 
EXERCISER 



CODE 

CS 



NUMBER 

G 503-0- I 



REV. 

8 



'** 



B-19 



C- '■■-■VS.'-iT © 1973 

CIS'TAU eC'.'IPMEMT CORPORATION 



SI I 

IK 



STF\OBZ OSC 



74<M 






^ 



r Tl -is 



Z T B L f - 1? I . 



r<M - 4 





/9/5 



zz*- </e^ 



/4 



T 



^ 



COUNT 
TRIG. 



CZ8 __ 



<£T3 



Q/l 



Ri&\ /zo-n. 



C.30 

.O0\ -JL\"f 

->l 



OSC.= 10 Msec 
WHEN FREE 
RUNNING 



66 jrx 



ADbftESS 

SOuRCt 

TRIG 



/0Q V 



/S3 
-vWW 



/ 

£3 

74/^.3 



FAST CLOCK 




Z/3 
IK 
^W\A- 



IK 



RANDOM 



EXERCISER 
box 



c *-i Z i 



^ 







C0us) 



l*JVALID l 



fl-FI 



7J7S45-/ 



(Bus) 



1 C3, e " 

;£: . o o i -a-f 



ADPRE5S 

Source 

FLOP 



-OS- 
7*74 



/* 



(ft 



1/ ^ 



K£'.V L 






■5T£P L 



/PS 

IK 




D2 

V7_ "D^.i.4- 










*" 3AASB 
OF CYL A.ODR 

ONLY TRUE 
FOP. A NES V 



ee£—Ji 



-is 






flD<2 _+i 5 flfl2 



-T<;. a "P -01 AC2..ATI, 

±3sv ± 



ACZ, 
BCS..BTI 



/<<ei8 IK>ei3 lkitt(t> !*?£>?/ \*$R?2 \K\I57Z VQ&Z4- IK< ezs 



A-LI A-M» A-V/ ft-'Pi r-ei A-<i A-dV/ A-v/; 

CYC Affix CYL MM OL DOOR cyi fiCM CYC ADM CYL AOOR CYL P.ODtl en fiDDK 
S^/28 " " " " " ' "" ' " " 



Sk/ 6* SUi 32 



Sb/i SU/g 



SUj4 



SU,Z 
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RK05 EXERCISER MAINTENANCE LOG 



DATE 



MAINTENANCE 
(Check One) 



Preventive 



Corrective 



FAULT SYMPTOMS 
(If Any) 



SOLUTION 



READER'S COMMENTS RK05 EXERCISER MAINTENANCE MANUAL 

EK-RK05-MM-002 



Digital Equipment Corporation maintains a continuous effort to improve the quality and usefulness 
of its publications. To do this effectively we need user feedback: your critical evaluation of this 
document. Please give specific page and line references when appropriate. 

ERRORS NOTED IN THIS PUBLICATION: 



SUGGESTIONS FOR IMPROVEMENT OF THIS PUBLICATION: 



MISSING DOCUMENTATION: 

Is there sufficient documentation on associated system programs required for use of the software 
described in this manual? If not, what material is missing and where should it be placed? 



Name Date 

Organization 



Please describe your position. 
Street 



City State Zip Code 



Fold Here 



Do Not Tear - Fold Here and Staple 
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Digital Equipment Corporation 
Technical Documentation Department 
Digital Park, PK3-2 
Maynard, Massachusetts 01754 



Digital Equipment Corporation PinPinnRIl 

Maynard, Massachusetts ttlUEJUUEIU 
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DIGITAL EQUIPMENT CORPORATION, Corporate Headquarters: Maynard, 
Massachusetts 01754, Telephone: (617) 897-5111 
SALES AND SERVICE OFFICES 

UNITED STATES-ALABAMA, Huntsville • ARIZONA, Phoenix and Tucson • 
CALIFORNIA, El Segundo, Los Angeles, Oakland, Ridgecrest, San Diego, San 
Francisco (Mountain View), Santa Ana, Santa Clara, Stanford, Sunnyvale and Woodland 
Hills • COLORADO, Englewood • CONNECTICUT, Fairfield and Meriden • DISTRICT 
OF COLUMBIA, Washington (Lanham, MD) • FLORIDA, Ft. Lauderdale and Orlando • 
GEORGIA, Atlanta • HAWAII, Honolulu • ILLINOIS, Chicago (Rolling Meadows) • 
INDIANA, Indianapolis • IOWA, Bettendorf • KENTUCKY, Louisville • LOUISIANA, 
New Orleans (Metairie) • MARYLAND, Odenton • MASSACHUSETTS, Marlborough, 
Waltham and Westfield • MICHIGAN, Detroit (Farmington Hills) • MINNESOTA, 
Minneapolis • MISSOURI, Kansas City (Independence) and St. Louis • NEW 
HAMPSHIRE, Manchester • NEW JERSEY, Cherry Hill, Fairfield, Metuchenand 
Princeton • NEW MEXICO, Albuquerque • NEW YORK, Albany, Buffalo (Cheek- 
towaga), Long Island (Huntington Station), Manhattan, Rochester and Syracuse • 
NORTH CAROLINA, Durham/Chapel Hill • OHIO, Cleveland (Euclid), Columbus and 
Dayton • OKLAHOMA, Tulsa • OREGON, Eugene and Portland • PENNSYLVANIA, 
Allentown, Philadelphia (Bluebell) and Pittsburgh • SOUTH CAROLINA, Columbia • 
TENNESSEE, Knoxville and Nashville • TEXAS, Austin, Dallas and Houston • UTAH, 
Salt Lake City • VIRGINIA, Richmond • WASHINGTON, Bellevue • WISCONSIN, 
Milwaukee (Brookfield) • 

INTERNATIONAL-ARGENTINA, Buenos Aires • AUSTRALIA, Adelaide, Brisbane, 
Canberra, Melbourne, Perth and Sydney • AUSTRIA, Vienna • BELGIUM, Brussels • 
BOLIVIA, La Paz • BRAZIL, Rio de Janeiro and Sao Paulo • CANADA, Calgary, 
Edmonton, Halifax, London, Montreal, Ottawa, Toronto, Vancouver and Winnipeg • 
CHILE, Santiago • DENMARK, Copenhagen • FINLAND, Helsinki • FRANCE, 
Grenoble and Paris • GERMANY, Berlin, Cologne, Frankfurt, Hamburg, Hannover, 
Munich and Stuttgart • HONGKONG • INDIA, Bombay • INDONESIA, Djakarta • 
IRELAND, Dublin • ITALY, Milan and Turin • JAPAN, Osaka and Tokyo • MALAYSIA, 
Kuala Lumpur • MEXICO, Mexico City • NETHERLANDS, Utrecht • NEW ZEALAND, 
Auckland • NORWAY, Oslo • PUERTO RICO, Santurce • SINGAPORE • SWEDEN, 
Gothenburg and Stockholm • SWITZERLAND, Geneva and Zurich • UNITED 
KINGDOM, Birmingham, Bristol, Edinburgh, Leeds, London, Manchester and Reading 
• VENEZUELA, Caracas • 
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